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Communications Data Book 


LIFE SUPPORT AND NUCLEAR POLICY 


CRYSTAL SEMICONDUCTOR PRODUCTS ARE NOT AUTHORIZED FOR AND SHOULD NOT BE USED WITHIN 
LIFE SUPPORT SYSTEMS OR NUCLEAR FACILITY APPLICATIONS WITHOUT THE SPECIFIC WRITTEN CON- 
SENT OF CRYSTAL SEMICONDUCTOR. 


Life Support Systems are equipment intended to support or sustain life and whose failure to perform when properly used in 
accordance with instructions provide can be reasonably expected to result in personal injury or death. Users contemplating 
applications of Crystal Semiconductor products in Life Support Systems are requested to contact Crystal Semiconductor 
factory headquarters to establish suitable terms and conditions for these applications. Crystal Semiconductor’s warranty is 
limited to replacement of defective components and does not cover injury to persons or property or other consequiential 
damages. 


Examples of devices considered to be life support devices are neonatal oxygen analyzers, nerve stimulators (whether used 
for anasthesia, pain relief, or other purposes), autotransfusion devices, blood pumps, defibrillators, arrhythmia detectors and 
alarms, pacemakers, hemodialysis systems, pertoneal dialysis systems, neonatal ventilator incubators, ventilators for both 
adults and infants, aneshesia ventilators, and infusion pumps, as well as other devices designated as "critical" by the FDA. 
The above are examples only and are not intended to be conclusive or exclusive of any other life support device. 


Examples of nuclear facility applications are applications in (a) a nuclear reactor, or (b) any device designed or used in con- 
nection with the handling, processing, packaging, preparation, utilization, fabricating, alloying, storing, or disposal of fis- 
sionable material or waste products thereof. | 
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MPANY INFORMATION 





Crystal’s proprietary SMART Analog™ design technique, incorporating analog and digital circuitry in 
monolithic CMOS devices, represents a powerful new technology in the semiconductor industry. This 
innovative approach to design eliminates many of the sources of inconsistent performance in traditional 


analog circuitry. 


Maximum system performance is built-in from initial research on end-user requirements through 
product definition. Product quality and reliability is designed into the device architecture and is further 
assured through rigorous standards for fabrication, assembly and testing. Crystal’s part numbering 
scheme 1s as follows: 


CSLXXXX - TPNNH/R 


DEVICE REVISION: DOES NOT APPEAR HERE ON PACKAGE MARK. 
REVISION IS COVERED IN DATE CODE STAMP. 
USED ONLY FOR ORDERING/TRACKING. 


SPECIAL HANDLING ,ALPHA ONLY A-COMMERCIAL HIGH-REL 
B-MILITARY 883B REV. C PROCESSING 


ELECTRICAL OR SPEED SPECIFICATION. (OPTIONAL) UP TO 2 
NUMERIC DIGITS. NO ALPHA CHARACTERS. SEE DATA SHEET 


PACKAGE CODE -REQUIRED ,ALPHA CHARACTER ONLY,NO NUMERICS 


P = PLASTIC DIP S = 0.3" SOIC 
C = CERAMIC SIDEBRAZE E= CERAMIC LCC 
D = CERDIP J= J-LEAD CERAMIC CHIP CARRIER 


L = PLASTIC LEADED CHIP CARRIER,J LEAD G= GULLWING CERAMIC CHIP CARRIER 
U= UNPACKAGED DIE 


TEMPERATURE SPECIFICATION - REQUIRED,ALPHA CHARACTER ONLY 
SIGNAL CONDITIONING/COMMUNICATION: 


BLANK orC = 0 © to70 © 
= -40°% to 85 TC 
M = -55° to 125 


TEMPERATURE/ACCURACY - REQUIRED,ALPHA CHARACTER ONLY 
DATA ACQUISITION: 


TEMPERATURE ACCURACY 

GOOD BETTER BEST 
0 °C to70 °C J K L 
-40T to85 C A B C 
-55 °C to 125 °C S T —  U 


UP TO FOUR ALPHANUMERIC DIGITS COMPRISE REMAINDER OF BASIC PART NUMBER 


CRYSTAL PRODUCT LINE (PROPRIETARY PARTS; SECOND-SOURCE Ae HAVE piesa ane 
3 = DATA ACQ. SUPPORT CIRCUITS 

4 = D/A CONVERTERS 

5 = A/D CONVERTERS 

6 = TELECOMMUNICATIONS 

7 = SIGNAL CONDITIONING 

8 = DATACOMMUNICATIONS 


CRYSTAL SEMICONDUCTOR 

"CS" = ALL CRYSTAL PRODUCTS; EXCEPT FOR 
"CXT" = QUARTZ CRYSTALS 

"CDB" = EVALUATION BOARD 

"CX" = CUSTOM PRODUCTS 


REV3 
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In addition to the part number, all Crystal parts have a stots line of marking, which can be decoded as 
follows: 


FATLLRYYWW 


| ASSEMBLY DATE CODE 
DEVICE REVISION LEVEL 


LOT IDENTIFICATION 
TEST SITE DESIGNATOR 
ASSEMBLY SITE DESIGNATOR 
FOUNDRY DESIGNATOR 





LOT CODE IDENTIFIER - TWO DIGIT ALPHA CHARACTER. 
IDENTIFIER SEQUENCE WILL BEGIN WITH 
AA,AB,AC, ETC. EACH LOT WILL RECEIVE 
A UNIQUE IDENTIFIER REGARDLESS OF 
DEVICE OR START DATE. SEQUENCE 
BEGINS AGAIN WITH AA WHEN 2Z HAS 
BEEN UTILIZED. 


COMPANY BACKGROUND © 


Crystal Semiconductor Corporation was founded in 1984 with the goal of supplying the mans with 
high- performance, mixed analog/digital CMOS circuits. 


To meet its objectives, Crystal recruited a staff of renowned CMOS analog design engineers, a scarce 
resource in the industry, and teamed them with designers trained in system architecture development. 


By coupling this design staff with highly qualified application and test engineers and seasoned 
management, Crystal has achieved several industry firsts. Systems designers now benefit from the 
performance and cost savings of Crystal breakthroughs such as self-calibrating ADCs, a universal filter, 

monolithic T1 interfaces and the industry’s first implementations of iGelta sigma’ oversampling A-to-D 
converters. 


Headquartered in Austin, Texas, Crystal sells its products worldwide through a network of 
manufacturer’s representatives. Crystal’s entire marketing and sales organization is committed to 
providing quality products and reliable, rapid service. 
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QUALITY AND RELIABILITY INFORMATION 


Crystal Semiconductor is committed at every 
level of the company to the highest possible 
standards of quality and reliability in its 
products. This committment is evident in all 
phases of operations: initial product definition, 
design, fabrication, assembly, test, qualification 
and customer service. Product quality and 
reliability is an active concern of each Crystal 
employee. 


In Product Definition 


To ensure maximum system performance, 
Crystal works with users to identify and quantify 
the parameters, including quality and reliability 
issues, that best serve customer needs. Quality 
and reliability become part of the design goals, 
along with electrical performance and cost. 


In Design 


Conservative 3-micron CMOS design rules are 
the basis for all current Crystal products. In 
addition, extensive use is made of proven 
standard cells to drastically reduce the possibility 
of design errors. 


Each pin in every SMART Analog product is 
designed to meet ESD levels of at least 2500V 
when tested per MIL STD 883C, Method 3015. 
Each pin is also designed to withstand more than 
200mA of DC latch current. 


Crystal SMART Analog design architectures 
provide quality and reliability comparable to 
leading digital devices and memories. This is far 
superior to traditional analog ICs and hybrids. 
On-chip digital error correction provides stable 
performance over time and temperature by 
taking advantage of digital controls that are 
insensitive to parametric analog problems such 
as leakages and shifts in threshold voltage. Using 
Crystal devices, designers have fewer error 


Q&R1 


sources to consider. The result is a less 
complicated, more reliable system. 


In Fabrication and Assembly 


Crystal ensures reliable delivery of quality parts 
by accessing established foundries in multiple 
locations (Japan and California today). Each 
fabrication facility 1s qualified by Crystal. As- 
sembly is performed both domestically and off- 
shore under carefully documented and well-con- 
trolled conditions. 


Wafer fabrication and assembly processes 
undergo in-line quality inspections. Wafers are 
inspected optically to guidelines based on MIL 
STD 883C, Method 2010. Each die is electrically 
tested using proprietary test circuits that verify 
key parameters. Following assembly, packages 
are subjected to a variety of mechanical inspec- 
tions to verify integrity and insure high quality. 
(For example, x-ray inspection to 3.0 percent 
LTPD is one of the standard production tests.) 


In Test 


In a break from traditional analog components, 
Crystal’s SMART Analog products include basic 
test capabilities designed into each chip. 
Crystal’s in-process quality assurance program 
uses this designed-in testability to monitor and 
track the performance and quality of these 
complex circuits. Finished packaged components 
are tested 100 percent electrically, over 
temperature where critical parameters are 
involved. With these extensive quality programs, 
Crystal guarantees outgoing electrical quality 
levels on all data sheet specifications to a 0.065 
percent AQL level over the full specified 
temperature range. 


Throughout the assembly and test phases, 
traceability to the original wafer lot is carefully 
maintained. 
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In Product Qualification == = == * ~~ Toensure reliability of the design and processes, 
| full qualification requires that three non- 
Before any Crystal product. is released to consecutive lots are used during the qualification 
production and shipped in volume, it must program. Fabrication and assembly facilities are 
undergo a thorough qualification program. audited every six months and periodically 
Crystal has separate qualification criteria to monitored. Any major design or process changes 
address both long-term reliability and infant restart the qualification procedure. 
mortality so that the sources of failure are , a 
identified and eliminated. Crystal uses military These steps guarantee that Crystal products 
specifications as the guidelines for reliability maintain the high standards of reliability 
tests, methods and procedures. (See Table 1.) — designed-in from the start. a 


TABLE 1 - QUALIFICATION TESTS — 







MIL STD . | _ {INFANT MORTALITY TESTS LONG-TERM RELIABILITY TESTS | 

. 883C | PASS/FAIL PASS/FAIL CRYSTAL | 
TEST . {METHOD CONDITION DURATION | CRITERION DURATION CRITERION GOAL 

OPERATING LIFE 1015 | +125°C, Dynamic Bias _ 168 hrs 0.25% 1000 HRS 4% FITSt t 10 FITSt 

. COND D +/-5.5V Supplies (25° C/60%UCL (25 Ci 

= uae s ) 1.0 eV Act. Energy) | 60% UCL) 
















TEMPERATURE HUMIDITY |. 86°0/85% RH Static Bias | 168 hrs 1.0 LTPD 1000 HRS 3.0 LTPD 1.0 LTPD 

STRESS (Plastic Parts) . . 

TEMPERATURE CYCLING | 1010.5 65 Cto + 150°C 100 CYCLES| 1.0 LTPD 1000 3.0 LTPD 1.0 LTPD 
Hermetic Packages CONDC | Then Gross Leak Test ne CYCLES | a 


TEMPERATURE CYCLING 5SCto+125°C | 
jolded Packages : | 
100 CYCLES] 1.0 LTPD 0 
CYCLES 
100 CYCLES| 1.0 LTPD 7 3.0 LTPD 1.0 LTPD 
psoas | ovetes oe | 


EOE, eer | gameuoe tees 144 HRS 
CENTRIFUGE | e001 [ao KoNiAs |S 
ELECTROSTATICDISCHARGA 3015 | | | 1500V-0Fail_ |S UNITS, ALL PINS 
waTcHUP «de Curent | ‘100 mF ait [5 UNITS, ALL PINS|_i00mA-OFAIL | _200mA 


JEDEC STD 22-B, A104 CONDB 
** JEDEC STD 22-B, A106. COND C 
*** — For hermetic Packages Only | 


t Equivalent to 50 FITS, 70 C/60% UCL, 0.7 eV 
tt Equivalent to 300 FITS, 70 C/60% UCL, 0.7 eV 













3.0 LTPD 


or ; 
-40C to + 125°C 













1011.4 
‘COND B 


or 
tk 


| BEC to + 125°C 






or . 
-40°C to + 125°C 
*** Then Gross Leak Test 
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In Customer Service 


Compliance with purchasing requirements 1s 
ensured through the use of Crystal’s 
computerized system "Compass''(Crystal On-line 
Marketing Production and Sales System). This 
processing system ensures that all orders are 
entered correctly, scheduled properly, produced 
according to schedule, and shipped with zero 
discrepancies. 


All systems and procedures at Crystal 
Semiconductor are aimed at continously 
improving the quality and reliability of our 
products and services to meet the needs of our 
customers. 


Crystal’s philosophy on quality is to anticipate 
problems and develop systems and controls to 
alleviate possible problems. It is a well stated 
fact by Juran and Deming, two of the nation’s 
foremost experts on quality, that 85% of all 
quality problems are system related and 15% are 
worker related. Therefore, Crystal devotes its 
major quality efforts toward preventing system 
related quality problems. 


Crystal has a very aggressive audit program in 
place. Monthly internal audits are performed to 
insure compliance to the extensive 
documentation of instructions and criteria for 
testing and inspection. Semiannual vendor audits 
are performed on the assembly and fabrication 
foundries. Vendor audits insure the adequacy and 
compliance of specifications, product flow, 


training, process controls and cleanliness. All 
internal and external audits have provisions for 
ratings and a system for corrective action 
requirements. These frequent audits by assembly, 
fabrication and quality engineers maximize 
system quality compliance. 


As an added measure of continued high quality 
from assembly and fabrication foundries, 
thorough incoming inspections are performed. 
Wafer level optical inspection is based upon 
guidelines of MIL STD 883C, METHOD 2010. 
Test die are electrically tested to verify 
compliance to key process parameters based 
upon design rules specifications. These electrical 
parameters include threshold voltages, 
breakdown voltages, material resistance, and 
contact resistance. Assembly packaging 
inspection includes external visual, marking 
permanency, solderability, x-ray, hermeticity, die 
shear, wirepull and internal visual. 


Preventive measures are very much in force in 
the final test area. Equipment calibration and 
preventive maintenance procedures are strictly 
adhered to. Handling procedures for Electrostatic 
Discharge are in place throughout the test areas. 
Non-conforming material is segregated until 
corrective action is agreed upon. There are 
controlled procedures for releasing new test 
programs and new test equipment to the 
production environment. In summary, Crystal 
Semiconductor is committed to meet the quality 
requirements of its customers. 
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IN TRODUCTION 


Using SMART Analog™ technology, Crystal Semiconductor has created a wide range of IC’s for data 
aquisition applications. All feature on-chip self-calibration and are manufactured in low-power CMOS. 
_ This chapter contains cover pages for the data sheets describing these products. Complete data sheets are 
provided’in the Crystal A/D Conversion Data Book (DADB3.0). Given below are brief, introductory 
descriptions of these data acquistion products. They have been grouped into the following categories: 
Analog to Digital Converters, Digital to Analog Converters, Track and Hold Amplifiers, Voltage 
References, Switched Capacitor Filter and AES/EBU Transmitters & Receivers. 


ANALOG TO DIGITAL CONVERTERS 


CS5012A, CS5014, CS5016 SAR Family _ 


The CS5012A, CS5014 and CS5016 converters 
have 12, 14 & 16 bits of resolution, with conver- 


sion times of 7 Us to 16 us. The converters are - 


tested both for static and dynamic performance, at 
full rated conversion speed. On-chip self-calibra- 
tion ensures that linearity, offset and full-scale er- 
rors remain within spec., with no missing codes. 


CS5101 16-bit 100 kHz ADC - 


Derived from the CS5016, the CS5101 is a 16-bit 
ADC capable of converting in 8 Us, yielding 


sample rates of 100 kHz. A 2-channel analog — 


input mux. is included. Output data is available 


serially, with 4 interface modes. An on-chip crys- 


tal oscillator is provided, along with a poe 
down control. , 


CS5102 16- bit, 20 kHz Low Power ADC 


The CS5102 is a low power version of the. | 


CS5101. Requiring only 44 mW from +5V sup- 
plies, along with a 1 mW power down mode, the 
CS5102 is ideal for battery powered applications. 
The part also features the same high speed serial 
interface as the CS5101. _ 


CS5412 12-bit,1MHzADC 
Using a 2-step flash approach, 


rate. Self calibration insures accuracy over time 
and the military temperature range. Available in 
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the CS5412_ 


achieves 12-bit performance at IMHz sample | 
age. Performance measures 


~ both DIP and J-lead LCC packages, with on- dia 


S/H, the IC offers a very compact ADC solution. 


CS5317 16-bit Voice Band ADC 


The CS5317 is well suited for a wide range of 


voiceband applications, from speech recognition 


to passive sonar. An on-chip PLL/Clock generator 
_ makes the part perfect for high-performance 


modems. The device features a 20 kHz word rate, 
a 10 kHz bandwidth, 84 dB dynamic range and 


-. 80 dB THD. CMOS design keeps power con- 
sumption to 280 mW. 


~ €S5126 Audio A/D Converter 
The CS5126 2-channel ADC is ideal for digital 


audio applications. An on-chip sample and hold is 
included, and sampling rates can be up to 100 
kHz for 2X oversampling, yielding a dynamic 


range of 95 dB. Signal to noise plus distortion is 
92 dB and self-calibration insures excellent low- 
— level distortion characteristics. 


CS5326,7,8,9 and CS5336,7,8, 2 is Sigma 
Audio A/D Converters | 


This new class of device features 64X oversam- 


pling using a delta sigma architecture, with 


resolutions of 16 or 18-bits. Output word rates 


can be from 1kHz to 50kHz. These stereo parts 
‘have 2 sample and_ holds, 
_modulators, two anti-aliasing and decimation fil- 


dual delta sigma 


ters, and a voltage reference, all in a 28-pin pack- 
include 95 dB 
dynamic range in stereo mode, up to 100 dB in 
mono mode, along with 0.0015% THD 





CS5501/3 16/20-bit DC Measurement ADC 


The CS5501/3 feature an on-chip 6-pole low pass 
filter with adjustable corner frequencies from 
0.1 Hz to 10 Hz. The parts achieve linearity errors 
of 0.0007%, with no missing codes. A highly 
flexible serial interface, along with 25 mW power 
consumption, all in a 20 pin package, make the 
parts ideal for weigh scale and process control ap- 
plications. The CS5503 is the 20-bit version of 
the CS5501, offering increased dynamic range, 
often removing the need for external gain scaling. 


CS5505 4-Channel, 16-bit, DC Measurement 
ADC 


Very low power consumption of 2 mW, along 
with the 4 channel input mux, make this part ideal 
for process control applications. 














Signal-to-Noise 
plus Distortion (dB) 73/83/92 


NMC NMC 
16 16 
.001 

= [a 

92 

: ucc. 





DIP DIP 
Packages PLCC PLCC 
LCC LCC 


NMC=No Missing Codes 





* CS5328 In Mono Mode 


CS5326/7 

CS5012A/14/16 |CS5101/2 css317 |CS5322/3 /FS5328/8 CS5501/3 CS7820 
Specifications CS5324 C$5338/9 
pplication | GP] GP | Audio| Modem | Selemio [Audio [GP Fast 
Resolution (ois) | tanaie | 16 |_16_| 16 | 24 | tena_| 12 [1620 | 16 | 3] 
Conversion Time (Us| 7ane | Bao [8 [es 
Throughput (KHz) | To07Se/s0 | 100/20 400 [eos | 20 | 
Number ofinputs [+ [2 J 2-1] +2] 1) 1 4 1 
input Bandwidth | _—~ [> | Bak [10 Krz | S00 He [peo Me | a MHz | TORE [Tone | J 
Integral Non-Linearity | .006/.002/.001%| .0015% | - | - | - | - | 01% 
Rontinearty | O25025NMC| Mc | Nc | nme | Ne | nMo | 09 | o.asmmc| 0.126 | NMC | 
INoMissing Codes | taiaié | 16 | 16 =| 16 | 20 tate | ia [16/20 hee 
Total Harmonic | 
ao 

: | 2 


NMC 

16 12 

wor [es | cows | oe 
peo [| ee | 7 
70 
| 220 | 5 

Succ Succ Delta Delta Delta 2-Step Delta Delta | 2-Step 
Approx Approx. | Sigma | Sigma Sigma | Flash Sigma Sigma | Flash 
— 


Dynamic Range (d8)_| 73/8302] 9a 120} esri00" | 70] 
0 | 220 |~150 
Se 
PowerDown Mode [| CY CUT UY dT CY OY ne i eee 
On-Chip Sample 
ale 
On-Chip V. Ref fet eee we Wet Ne ee A Ne ge arte ea 
On-Chip Filtering | TY 
Staticaly Tested =| CV CT CM CT 
[Dynamically Tested | ov | OV | Y TY UT UY UT CY 
Com Com C C Com Com Com Com Com | 
Temperature Range Ind Ind ey a ind Ind Ind Ind Ind 
Mil Mil Mil Mil — Mil Mil 
Number of Pins(DIP)| 40, | 28 | 8 8 | 28 | 40 | 20 | 


DIP DIP 
PLCC {SOIC 


GP=General Purpose 





C$5322, CS5323, CS5324 24-bit Variable 
Bandwidth ADC 


The CS5323 modulator, combined with the 
CS5322 digital filter, offers >120 dB dynamic 
range in the DC to 500 Hz frequency band. Eight 
different filter corner frequencies and output up- 
date rates are offered, allowing the ADC to be op- 
timized for different types of seismic measure- 
ments. The CS5324 includes a modulator and the 
first stage of digital filtering, allowing the user to 
implement their own final filter stage. 


CS7820 8-bit 1.4 us ADC 


The CS7820 8-bit sampling A/D has an inherent 
track-and-hold input, along with a 1.4 us conver- 
sion time and easy interfacing to microprocessors. 



















| 16 | 
one co eae 
fete eee 
p28. =] ae ea 





20) 
DIP DIP pip_ | DIP DIP 
PLCC soic | cLcc} soic | soic 
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DIGITAL TO ANALOG CONVERTERS 


Crystal offers the digital audio industry a quantum 
improvement in digital-to-analog system integra- 
tion, along with cost-effective performance en- 
hancement. The CS4328 is industry’s first com- 
plete stereo digital-to-analog output system. This 
18-bit stereo D/A converter uses Crystal’s well 
established oversampling A/D — converter 
techniques. rot © es 


The CS4328 includes the major system elements 
of 8X interpolation filter, 64X oversampling 18- 
bit D/A converter and a 95 dB:dynamic range 
analog anti-imaging filter, all in one packaged, 
tested, solution. As with our A/D converters, the 
device features patented delta sigma architectures 
to maintain excellent distortion performance, even 
at low signal levels. The output anti-imaging fil- 
ters are the first to be based on a mixed 


linear/switched capacitor architecture. This allows — 
the benefit of bandwidth scaling proportionally to — 


the system master clock, while retaining the low 
noise performance of linear filters. The CS4328 is 
therefore adjustable for both audio and voice band 
applications. The flexible digital interface mates 
with CD player circuitry, DAT recorders, DSP’s 
or winchester disk drives. 


TRACK& HOLD 
As the industry’s first monlithic 4-channel track- 


and-hold amplifier, the CS31412 frees-up board 
space and reduces. system. costs normally as- 


sociated with sampling and multiplexing analog 
signals for conversion. The CS31412 takes a 
snapshot of four single-ended or two differential 
signals and stores the analog values in on-chip 
hold capacitors. 
scheme calibrates all dc and dynamic errors, in- 


cluding hold pedestals, to less than 4 mV. Chan- 


nel selection and calibration can be placed under 
software control using the microprocessor inter- 
face. Since the CS31412:can calibrate at any time 
or temperature, it ensures accuracy throughout its 
operating life. ~ 
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produces a very stable and accurate +4.5V. _ 


An on-chip digital correction 
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The CS31412’s fast 800 ns acquisition time and 
12-bit accuracy make it ideal for processing high- 
frequency signals. In applications where fast sam- 
pling is not critical, the CS31412’s 0.007 mV/ ms 
droop in the hold mode allows slower conversion 
of the channels without loss of accuracy. The 
CS31412 dissipates only 250 mW of power. 


A complete single-channel. track-and-hold, the 
CS3112, is also available. On-chip hold 
capacitors and calibration logic simplify use, and 
keep all dc and dynamic errors, including pedestal 
error, below 3.0 mV. This .accuracy is ensured 
over time and temperature by easy user control of 
the calibration circuitry. 


VOLTAGE REFERENCES 


Crystal offers two voltage references which com- 
plement our A/D converters. Designed to operate 
with the CS5412 12-bit 1MHz ADC, the CS3901 


~~ produces a stable, buffered +1.5V and +3.0V. 


Particularly suitable for Crystal’s successive ap- 
converters, the CS3902 


_ SWITCHED CAPACITOR FILTER 


Ideal for adaptive filtering applications, the 
CS7008 = digitally programmable switched 
capacitor filter provides the user with complete 


software control over the filter response. 


Virtually any audioband filter response of eighth 
order or below is obtained by writing digital 


configuration coefficients to on-chip - registers. 


through a standard microprocessor interface. The 
chip can also load itself by reading coefficients 
directly from memory. Accuracy of a filter 
response is typically within 1 percent of the calcu-: 


lated value (for corner frequencies) and dynamic 


range is a minimum of 72 dB. | : 


Bandwidth varies depending ‘upon the transfer 
function implemented, but can extend from 0 to 


50 kHz. Anti-aliasing, smoothing and input gain 
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control are supported with on-chip uncommited AES/EBU TRANSMITTERS & RECEIVERS 
operational amplifiers. 

The CS8401/2 AES/EBU transmitters, along with 
The user is provided instant feedback on filter the CS8411/2 AES/EBU receivers, allow digital 





performance in his system by the Crystal-ICE fil- communication between audio equipment. Re- 
ter development system. The PC-based design quiring minimum external circuitry, these IC’s 
tool includes filter synthesis software and an in- support both professional and consumer formats. 


circuit hardware emulator. 


CONTENTS 

CS3112 Track & Hold Amplifier 2-7 

CS31412 Quad Track & Hold Amplifier 2-8 

CS3901 Voltage Reference 2-9 

CS3902 Voltage Reference 2-10 
CS4328 Digital to Analog Converter 2-11 
CS5012A 12-Bit, 7 ps, 100kHz A/D Converter 2-12 
CS5014 14-Bit, 14 us, 56 kHz A/D Converter 2-13 
CS5016 16-Bit, 16 ps, 50 kHz A/D Converter 2-14 
CS5101 16-Bit, 8 ps, 100kHz, 2 channel A/D Converter 2-15 
CS5102 16-Bit, 40 ps,20kHz low power A/D Converter 2-16 
CS5126 16-Bit, 100kHz Digital Audio A/D Converter 2-17 
CS5317 16-Bit, 20kHz Delta Sigma A/D Converter 2-18 
CS§5322/5323 24-Bit, 500 Hz Delta Sigma A/D Converter 2-19 
CS5324 16-Bit, 500 Hz Delta Sigma A/D Converter 2-20 
CS5326,7,8,9 16 & 18-Bit 2 channel Delta Sigma Digital Audio ADC’s 2-21 
CS5336,7,8,9 16-Bit 2 channel Delta Sigma Digital Audio ADC‘s 2-22 
CS5412 12-Bit, 1MHz, 2-step Flash A/D Converter 2-23 
CS5501 16-Bit, dc-10Hz measurement A/D Converter 2-24 
CS5503 20-Bit, dc-10Hz measurement A/D Converter 2-25 
CS5505 16-Bit, 20 Hz 4 Channel A/D Converter 2-26 
CS7008 Switched Cap Filter 2-27 
CS7820 8-Bit Flash, 1.4 us A/D Converter 2-28 
CS8401/8402 AES/EBU Transmitter 2-29 
CS8411/8412 AES/EBU Receiver 2-30 


See Crystal A/D Conversion Data Book (DADB3.0) 





for complete data sheets on the above. 
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High Speed Precision Track and Hold 








Features General Description 
® Completely Self-Contained The CS3112 is a high speed track and hold with 12-bit 
On-Chip Hold Capacitor linearity. It is completely self-contained, including hold 


Microprocessor Interface capacitor, output buffer, and calibration circuitry. 


Aperture jitter of 100ps and acquisition time of 800ns to 

e ee ° 0.01% provide excellent dynamic performance. An on- 
Fast Acquisition: 800ns to 0.01% chip hold capacitor limits droop to 0.001 uV/us, and first 
order leakage compensation minimizes droop over the 


© Low Aperture Jitter: 100ps full operating temperature range. 
eee ; Advanced CMOS fabrication insures low power con- 
¢ 12-Bit Linearity sumption and increased reliability. 
® Total Offset, Including Hold The CS3112 can be controlled and monitored through 
4 its microprocessor interface, or can operate inde- 
Pedestal: 1.8 mV pehidently, 
@ Low Droop Rate: 0.001uV/us ORDERING INFORMATION: 
| Model Acquisition Temp. Package 
® Self-Calibration Insures Accuracy Over Time Range 
Time and Temperature CS3112-KD2 2.0us  Oto70°C 14-pinCerDIP 
CS3112-KD1 1.0 us 0 to 70°C 14-pin CerDIP 
SR eee CS3112-BD1 1.0us -40to+85°C  14-pinCerDIP 
e Low Power Dissipation: 130 mW CS3112-TD1 1.0us -55t0+125°C 14-pin CerDIP 





HOLD 


© 
TRACK AND HOLD S14 






VINO VOUT 






© © O 2, 
V+ DGND_ V- CS RESET 





This document contains information for a new product. Crystal 


Pigubay (lOQUCLUNOMNaven Semiconductor reserves the right to modify this product without notice. 
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4 Channel Simultaneous Track and Hold 


Features - | General Description | 

® Completely Self-Contained | The CS31412 is a four-channel track and hold capable 

| - Four Track-and-Hold Amplifiers — _Of processing four single-ended or two differential inputs 
On-Chip Hold Capacitors —. | with 12-bit linearity. It consists of four track-and-hold 


amplifiers, an analog multiplexer, two output buffers, 
and a microprocessor interface. 


Two Output Buffer Amplifiers 
Microprocessor Interface 





-| Controlled by a single HOLD input, the four track-and- 


e 800ns Acquisition Timeto 0.01% | hold amplifiers can simultaneously hold their outputs 
oe with only 100ps of aperture jitter and later acquire their 
e . ; ‘inputs within 800ns to 0.01%. On-chip hold capacitors 
Low Aperture Jitter: 100ps limit droop to 0.001uV/us, and first order leakage com- 

© 12-Bit Linearity | | pensation minimizes droop over temperature. 

: ) i The CS31412 can be configured, controlled, and 
® Total Offset Including Hold | {| monitored through its microprocessor interface, or can 
Pedestal: 2.8mV be operated independently of intelligent control. 

® Low Droop Rate: 0.001uV/us _.. | ORDERING INFORMATION: 
| ee _ Model = Acquisition Temp. -. Package | 
@ Auto-Calibration Insures Accuracy Over | use ee Range 


CS31412-KC2 2.0us Oto 70°C — 18-pin Ceramic SB DIF 
CS31412-KC1 1.0 us 0 to 70°C 18-pin Ceramic SB DIF 
CS31412-BC1 1.0us. -40to+85°C  18-pin Ceramic SB DIF 


Time and Temperature 








¢ Low Power Dissipation: 250mW CS31412-TC1 1.0ys -55to+125°C 18-pin Ceramic SB DIF 
| HOLD a | 
i. 
INO TRACK AND HOLD 
° eee 
OUT2 


cs 


IN2 * no 
® i —— ) AI 


RESET 
DIF/SE 


IN3 C) iz ee A) CAL 


O) Om = OC 
VR V- AGND — DGND 
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+ 1.5 Vand 3.0 V Voltage Reference 














Features General Description 

@ High Accuracy The CS3901 is a precision hybrid voltage reference for 
| the CS5412 A/D Converter. The device offers jumper- 

® Low Dritt selection options to provide either +3.0V or + 1.5V 


outputs from + 5V inputs. The voltage outputs do not re- 
quire trimming, but trim pins are available if fine 


e Excellent Stability adjustments are desired. The outputs of the CS3901 
provide low impedance, low noise and _ excellent 
® 


Operates from +5V temperature stability to insure optimum performance 
| . from the A/D converter. The unit is also compatible with 
other A/D converters where +3.0V or +1.5V reference 


® +3.0V or+1.5V outputs, jumper voltages are required. 


selectable 
ORDERING INFORMATION: 


® Small package size - 14 Pin DIP CS3901-KC 0°C to 70°C 
~CS3901-TC -55°C to +125 °C 





VA+ 7 3 TRIM1. TRIM2 





OO) 
NC AGND PGND | BP UP 
REFSET 
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+ 4.5V Precision Voltage Reference 


Features pore ge ae General Description 
® Very High Accuracy: + 4.500V + 0.4 mv | 














The CS3902 is a precision voltage reference providing 


: Very Low Temperature e Drift: +4.500V from an input voltage of 11V to 22V. It offers 


+0.6 ppm /°C -55 °C to+125 a as very high accuracy without trimming and exhibits very 

eee Se Mena: a low temperature drift: 1/50 LSB / °C at 16 bits. Long 
e Excellent Long-Term ial ___| term stability of the CS3902 is excellent. The device is 
~ 25 ppm/1000 hours © | suitable for all Crystal Semiconductor Successive 


Approximation A/D Converters. 


e Excsligat Line Regulation: 6 ppm/V ae ORDERING INFORMATION: 


e Designed for use with CS5012, Model initial Thermal Temperature 
h : 
CS5014, CS5016, ©S5101, and - | CS$3902-AC 800 V 400 UV -25°C to. +85 °C 


CS5102 A/D Converters CS3902-BC 400nV 200uV -25°C to +85 °C 
a | CS3902-SC 800nV 600nV -55°C to +125°C 
: | CS3902-TC 400unV 300nV -55°C to +125 °C 

® 14 Pin DIP Package | : 





VA+ TRIM1TRIM2 





AGND PGND 
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18-Bit, Stereo D/A Converter for Digital Audio 








Features General Description 

® Complete Stereo DAC System a Stags ee store data! 6 ae cut 
| , put system. In addition to the traditiona unction, 
se : eee the CS4328 includes an 8x digital interpolation filter fol- 
Ella-oigma VU lowed by a 64x oversampled delta-sigma modulator. 
Analog Post Filter The modulator output controls the reference voltage 
input to an ultralinear analog low-pass filter. The total 

® Adjustable System Sampling Rates D/A system provides a linear phase response. 


including 32kHz, 44.1 kHz & 48kHz 


The CS4328 also includes an extremely flexible serial 


| ; . port utilizing two select pins to support four different in- 
95 dB Dynamic Range over the Audio terface modes. 


Band To support various audio environments a clock select 


pin chooses between 256- and 384-times the input word 
0.001 dB Passband Ripple rate for the master clock. 


Completely Filtered Line-Level Outputs 
Linear Phase Filtering 
Zero Phase Error Between Channels 
No External Components Needed 


® 16 or 18 bit Input Words 


® Supports Multiple Input Formats ORDERING INFORMATION: 
Contact Crystal Semiconductor. 
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rating A/D Converter 





12-Bit, 7 us Self-Calib 
Features a re rae 


® Monolithic CMOS A/D converter. _- 
Microprocessor Compatible — 
Parallel and Serial Output 
Inherent Track/Hold Input 


True 12-Bit Precision 


® 
Linearity Error: +1/4LSB — 
Total Unadjusted Error: +1/4 LSB 
DNL: +1/16 LSB | 

@ Low Distortion | 
Total Harmonic Distortion: 0.008% ~ 
Peak Harmonic or Noise: -92 dB 

@ 7.2 Microsecond Conversion Time 
Throughout Rates up to 100 kHz 

® Self Calibration Maintains Accuracy 

Over Time and Temperature 
@ Low Power Dissipation: 150 mW 
@ 





Pin Compatible with CS5014/CS5016 _ 


General Description os 


The CS5012A is a 12-bit monolithic analog to digital 
converter with a conversion time as fast as 7.2 us. Uni- 
que self-calibration circuitry insures maximum 
nonlinearity of 1/2 LSB and no missing codes. Offset 


and full scale errors are kept within 1/2 LSB, eliminating — 


the need for manual calibration of any kind. Unipolar 
and bipolar input ranges are digitally selectable. 


~The CS5012A consists of a DAC, conversion and 
Calibration microcontroller, oscillator, comparator, micro- 
processor compatible 3-state !/O, and calibration 


circuitry. The input track-and-hold, inherent to the 
device’s sampling architecture, acquires the analog 
input signal after each conversion within 2.8.us to 
0.01%, allowing throughput rates up to 100 kHz. 


An: evaluation board (CDB5012) is available for the 
CS5012A which can be easily configured to simulate 
any combination of operating conditions to greatly 
simplify system design and testing. The CS5012A is pin 
compatible with the CS5014 and CS5016 A/D con- 
verters allowing system upgrading and downgrading 
without hardware alterations. _ 


| ORDERING INFORMATION: — See ADC Data Book 
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Semiconductor Corporation 


. CS5014 | 





14-Bit, 14 us Self-Calibrating A/D Converte 





Features 


® Monolithic CMOS A/D converter 
Microprocessor Compatible 
Parallel and Serial Output 
Inherent Track/Hold Input 


e True 14-Bit Precision 
Linearity Error: +1/4 LSB 
Total Adjusted Error: +1 LSB 
No Missing Codes 


@ Low Distortion 


Total Harmonic Distortion: 0.003% _ 


Peak Harmonic or Noise: -98 dB 


® 14.25 Microsecond Conversion Time 
Throughout Rates up to 56 kHz 


® Self Calibration Maintains Accuracy 
Over Time and Temperature 


® Low Power Dissipation: 120 mW 


© Pin Compatible with CS5012/CS5016 


General Description 


The CS5014 is a 14-bit monolithic analog to digital 
converter with a 14.25 us conversion time. Unique self- 
Calibration circuitry, which can be under intelligent 
control, insures maximum nonlinearity of 1/2 LSB and 
no missing codes. Offset and full scale errors are kept 
within 1/2 LSB, eliminating the need for manual calibra- 
tion of any kind. Unipolar and bipolar input ranges are 
digitally selectable. 


The CS5014 consists of a DAC, conversion and calibra- 
tion microcontroller, oscillator, comparator, micro- 
processor compatible 3-state I/O, and calibration cir- 
cuitry. The input track-and-hold, inherent to the device’s 
sampling architecture, acquires the analog input signal 
after each conversion within 3.75 us to 0.003%, allow- 
ing throughput rates up to 56 kHz. 


An evaluation board (CDB5014) is available for the 
CS5014 which can be easily configured to simulate any 
combination of operating conditions to greatly simplify 
system design and testing. The CS5014 is pin com- 
patible with the CS5012 and CS5016 A/D converters 
allowing system upgrading and downgrading without 
hardware alterations | 


ORDERING INFORMATION: See ADC Data Book 
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Semiconductor Corporation a. 


16-Bit, 16 us Self-Calibrating A/D Converter 














Features jp Se a General Description a he 
® Monolithic CMOS A/D converter . | The CS5016 is a 16-bit monolithic analog to digital con- 
Microprocessor Compatible verter with a 16.25 us conversion time. Unique self- 
; 7 | calibration circuitry insures maximum nonlinearity of 
Brckea a d eae ut 0.001% FS and no missing codes. This insures low dis- 
Int erent rack/nioid nput tortion and maintains good signal to noise performance 
i nA at with low-level signals. Offset and full scale errors are 
Me Bit fi ne FS kept within 1 LSB, eliminating the need for manual 
Inear ity Mor. U, - calibration of any kind. Unipolar and bipolar input ran- 
No Missing Codes _ ges are digitally selectable. - 
@ Ultra-Low Distortion | The CS5016 consists of a DAC, conversion and calibra- 
Total Harmonic Distortion: 0.001% tion microcontroller, oscillator, comparator, _micro- 
Peak Harmonic or Noise: -104 dB processor compatible 3-state VO, and calibration 
a | circuitry. The input track-and-hold, inherent to the 
® 16.25 us Conversion Time | device’s sampling architecture, acquires the analog 
Sample Rates up to 50 kHz input signal after each conversion within 3.75 us to 
| , | 0.01%, allowing throughput rates up to 50 kHz. 
‘ ' a ee | 
ae laden eotlaitr Accuracy An evaluation board (CDB5016) is available for the | 
Ver Ime and | emperature | CS5016 which can be easily configured to simulate any 
® Low Power Dissipation: 120 mW combination of operating conditions to greatly simplify 


| system design and testing. | 
e Pin Compatible with CS5012/CS5014 ORDERING INFORMATION: See ADC Data Book 
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, . CS5101 
Semiconductor Corporation 


16-Bit, 100 kHz Serial-Output A/D Converter 








Features General Description 
® Monolithic CMOS A/D Converter The CS5101 is a 16-bit monolithic CMOS analog-to- 
Inherent Sampling Architecture digital converter capable of 100 kHz throughput. On- 


chip self-calibration circuitry achieves nonlinearity of 


2-Channel Input Multiplexer +0.001% of FS and guarantees 16-bit no missing 


Flexible Serial Output Port codes. Superior linearity also leads to 92 dB S/(N+D) 
with harmonics below -100 dB. Offset and full-scale er- 
® Ultra-Low Distortion rors are similarly kept within 2 LSB, eliminating the need 
S/(N+D): 92 dB; THD: 0.001% for manual calibration of any kind. 
The CS5101 consists of a 2-channel input multiplexer, 
@ Linearity Error: +0.001% FS DAC, conversion and calibration microcontroller, crystal 
oscillator, comparator, and serial communications port. 
® 8.1 us Conversion Time with The input track-and-hold, inherent to the device’s sam- 
Guaranteed 16-bit No Missing Codes pling architecture, acquires the analog input after each 
conversion within 1.9 us, allowing throughput rates up 
@ Self-Calibration Maintains Accuracy to 100 kHz. 
Over Time and Temperature The converter’s 16-bit data is output in serial form with 
either binary or 2’s complement coding. Three output 
® Low Power Consumption: 320 mW timing modes are available for easy interfacing to 
Power-down Mode: 1 mW microcontrollers and shift registers. Unipolar and bipolar 
input ranges are digitally selectable. 
® Evaluation Board Available. 7 ORDERING INFORMATION: See ADC Data Book 
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16-Bit, 20 kHz a A/D Converter 














Features — General Description 
eo Monolithic CMOS A/D Converter | The CS5102 is a 16-bit monolithic. CMOS analog-to- 
‘Inherent Sampling Architecture digital converter capable of 20 kHz throughput. The 


CS5102’s low power consumption of 44 mW, coupled 
2-Channel Input Multiplexer with a power down mode, makes it particularly suitable 
Flexible Serial aun Port | for battery powered operation. - 


On-chip self-calibration circuitry achieves nonlinearity of 


® Ultra-Low Distortion | : aR sect 
+0.0015% of FS and guarantees 16-bit no missing 
S/ (N+D): 91 dB; THD: 0.001% codes up to 20 kHz throughput. Superior linearity also 
| ; leads to 91 dB S/(N+D) with harmonics below -100 dB. 
® 40 us Conversion Time _ Offset and full-scale errors are similarly kept within 2 
Linearity Error: + 0.001% FS LSB, eliminating the need for manual calibration of any 
Guaranteed No Missing Codes. kind. _ 

The CS5102 consists of a 2-channel input multiplexer, 
® Self-Calibration Maintains Accuracy DAC, conversion and calibration microcontroller, clock 
' Ov moerature — generator, comparator, and serial communications port. 

Over Time and Te pelaiute The input track-and-hold, inherent to the device’s sam- 
‘ pling architecture, acquires the analog input after each 


Low Power Consumption: 44 mW 


conversion, allowing throughput rates up to 20 kHz. 
Power-down Mode: 1 mW . 4 
| ae The converter’s 16-bit data is output in serial form with 
e 7 : | 7 either binary or 2’s complement coding. Three output 

Evaluation Board Available | timing modes are available for easy interfacing to 


microcontrollers and shift registers. Unipolar and bipolar 
® Pin compatible with css1 01, 100 anes input ranges are digitally selectable. 


16-bit ADC © ORDERING INFORMATION: See ADC Data Book 
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pacer CS5126 


Semiconductor Corporation 


16-Bit, Stereo A/D Converter for Digital Audio 








Features General Description 
® Monolithic CMOS A/D Converter The CS5126 CMOS analog-to-digital converter is an 
| : : ideal front-end for stereo or monaural digital audio sys- 
Inherent Sampling Architecture tems. The CS5126 can be configured to handle two 
Stereo or Monaural Capability channels at up to 50kHz sampling per channel, or it can 
Serial Output be configured to sample one channel at rates up to 
100kHz. 
® Monaural Sampling Rates up to 100 kHz 
50 kHz/Channel Stereo Sampling The CS5126 executes a successive approximation al- 
gorithm using a charge redistribution architecture. 
® Signal-to-(Noise+Distortion): 92 dB On-chip self-calibration circuitry has 18-bit resolution 
thus avoiding any degradation in performance with low- 
e Dynamic Range: 92 dB level signals. The charge redistribution technique also 


provides an inherent sampling function which avoids the 
need for external sample/hold amplifiers. 


95dB in 2X Oversampling Schemes 


sd rchannel Isolation: B 
interchannel Isolation: 90 d Signal-to-(noise+distortion) in stereo operation is 92dB, 
e i and is dominated by internal broadband noise (1/2 LSB 
2's Complement or Binary Coding rms). When the CS5126 is configured for 2X oversam- 
@ Low Power Dissipation: 260 mW pling, digital post-filtering bandlimits this white noise to 
7 20KHz, increasing dynamic range to 95dB. 
Power Down Mode for Portable a . 
Applications ORDERING INFORMATION: (was CSZ5126-KP) 
| CS5126-KP 0°C to 70°C 28-Pin Plastic DIP 
® Evaluation Board Available CS5126-KL 0°Cto70°C  28-Pin PLCC 
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16-Bit, 20 kHz bans th A/D Sone verter 





Features 


® Complete Voiceband DSP Front- End 
16-Bit A/D Converter 
Internal Track & Hold Amplifier 
On-Chip Voltage Reference | 
Linear-Phase Digital Filter 


On-Chip PLL for Simplified Output 
Phase Locking in Modem Applications 


84 dB Dynamic Range 


80 dB Total Harmonic Distortion 


Output Word Rates up to 20 kHz 


DSP-Compatible Serial Interface 


® Low Power Dissipation: 220 mW 


General Description 


The CS5317 is an ideal analog front-end for voiceband 
signal processing applications such as_high-perfor- 
mance modems, passive sonar, and voice recognition 
systems. It includes a 16-bit A/D converter with an inter- 
nal track & hold amplifier, a voltage reference, and a 
linear-phase digital filter. 


An on-chip phase- -lock loop (PLL) circuit simples the 
CS5317’s use in applications where the output word 
rate must be locked to an external sampling signal. 


The CS5317 uses delta-sigma modulation to achieve 
16-bit output word rates up to 20 kHz. The delta-sigma | 
technique utilizes oversampling followed by a digital fil- 
tering and decimation process. The combination of 
oversampling and digital filtering greatly eases antialias 
requirements. Thus, the CS5317 offers 84 dB dynamic 
range and 80 dB THD and signal bandwidths up to 10 
kHz at a fraction of the cost of hybrid and discrete solu- 

tions. 7 


The CS5317’s advanced CMOS construction provides 
low power consumption of 220 mW and the inherent 
reliability of monolithic devices. 


ORDERING INFORMATION: See ADC Data Book 
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, | CS$5322/CS5323 
Semiconductor Corporation | 


24-Bit Variable Bandwidth A/D Converter 

















Features General Description 

® Monolithic CMOS A/D Converter The CS5323 analog modulator and the CS5322 digital 
, filter function together as a unique high resolution A/D 

® 100 dB Harmonic Distortion converter intended for geophysical and other applica- 


tions which require high dynamic range. The 
CS$5323/CS5322 combination performs sampling, A/D 
conversion, and anti-alias filtering. 


® Delta-Sigma Architecture 
-Variable Oversampling: X32 to X4096 


-Internal Track-and-Hold Amplifier . . 
The pair use Delta-Sigma modulation to produce highly 


® Flexible Filter Chip accurate conversions. The CS5323 oversamples, vir- 
-Hardware or Software Selectable tually eliminating the need for external anti-alias filters. 
Options The CS5322 linear-phase FIR digital filter decimates the 
-Eight Selectable Filter Corner | output to any one of eight selectable update periods: 
Frequencies: 23, 47, 94, 187, 375, 750, 16, 8, 4, 2, 1, 0.5, 0.25 and 0.125 milliseconds. Data is 
14500 and 3000 Hz output from the digital filter in a 24-bit serial format. 


The CMOS design of the CS5322/CS5323 achieves 
high reliability while minimizing power dissipation. 
Power dissipation for the pair is less than 250 mW. 
ORDERING INFORMATION 


CS5322-BL -40 to +85 °C 28-pin PLCC 
CS5323-BL -40 to +85 °C + 28-pin PLCC 


Low Power Dissipation 
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120 dB, 500 Hz Bdabeidnsitissasib 3 AD Converter 


Features : a General Description 


® Monolithic CMOS A/D converter The CS5324 analog to digital converter is a unique, 
| ? <= very high resolution A/D converter intended for 


| | geophysical and sonar applications. It is a complete 
120dB Dynamic Range analog front end to a Digital Signal Processor and 
we " & provides the DSP with a low distortion digital input 
suitable for precision signal analysis. The CS5324 per- 











® dc-500 Hz Bandwidth | forms sampling, A/D conversion, and anti-alias filtering. 
; : . . : The CS5324 uses delta-sigma modulation to produce 
a 10 dB Total Harmonic Distortion highly accurate conversions. The device oversamples at 
| 256X, virtually eliminating the need for external anti- 
@® Internal Track-and-Hold Amplifier | aliasing filters. An on-chip linear-phase FIR digital filter 
| | decimates the output to a 32 KHz output word rate. Data 
a ns . | 2 dh is transmitted to the DSP as two, 8-bit bytes. An addi- 
@ Delta-Sigma Architecture _| tional FIR filter in the DSP further decimates the signal 


—256X Oversampling | _ | to achieve 120 dB dynamic range over 500 Hz 
—Linear Phase Digital Filter bandwidth with signal-to-distortion of 110 dB. 


—Output Word Rate 32 kHz : The CMOS design of the CS5324 ensures high 
: | reliability and power dissipation of less than 180 mW. 


® LowP issipation: 180 mW max, __| ORDERING GUIDE: _ 
Low Power Dissipation: 180 mW max CS5324-KL 0°10 70°C 28-pin PLCC 


| : CS5324-BL -40°to +85°C 28-pin PLCC 
e Evaluation Board Available | CDB5324 = — Evaluation Board 
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CS5326 CS5327 
CS5328 CS5329 





16 & 18-Bit, Stereo A/D Converters for Digital Audio 





Features 


® Complete CMOS Stereo A/D System 
Delta-Sigma A/D Converters 
Digital Anti-Alias Filtering 
S/H Circuitry and Voltage Reference 
e Adjustable System Sampling Rates 
30 kHz to 50 kHz 


® Low Noise and Distortion 
95 dB dynamic range, 16-Bit 
97 dB dynamic range, 18-Bit 
100 dB dynamic range, 19-Bit Mono 
0.0015% THD 


® Internal 64X Oversampling 


® Linear Phase Digital Anti-Alias Filtering 
0.001dB Passband Ripple 
86dB Stopband Rejection 


@ Low Power Dissipation: 450 mW 
Power-Down Mode for Portable 
Applications 


General Description 


The CS5326, CS5327, CS5328 & CS5329 are com- 
plete analog-to-digital converters for stereo digital audio 
systems. They perform sampling, analog-to-digital con- 
version and anti-aliasing filtering, generating 16 or 
18-bit values for both left and right inputs in serial form. 
The output word rate can be up to 50 kHz per channel. 


The ADCs use delta-sigma modulation with 64X over- 
sampling, followed by digital filtering and decimation, 
which removes the need for an external anti-alias filter. 


The CS5326 & CS5327 are 16-bit ADCs, achieving 
95 dB dynamic range. The CS5328 & CS5329 are 18- 
bit ADCs with 97 dB dynamic range in stereo mode and 
100 dB dynamic range in mono mode. 


The CS5326 & CS5328 have digital filters which are 
compatible with CD requirements. The CS5327 & 
CS5329 have filters which guarantee no aliasing. The 
filters have linear phase, 0.001 dB passband ripple, and 
>86 dB stopband rejection. 


The ADC’s are housed in a 0.6" wide 28-pin plastic DIP. 


ORDERING INFORMATION: See ADC Data Book 
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CS5336 CS5337_ 
eee. CS5338_CS5339_| 


16-Bit, Stereo A/D Converters for Digital Audio 











Features _| General Description 
® Complete CMOS Stereo A/D eee The CS5336, CS5337, CS5338 & CS5339 are com- 
Delta- -Sigma A/D Converters plete analog-to-digital converters for stereo digital audio 


Nena carve eae | systems. They perform sampling, analog-to-digital con- 
Digital Anti-Alias Filtering version and anti-aliasing filtering, generating 16-bit 
S/H Circuitry and Voltage Reference | values for both left and right inputs in serial form. The 
output word rate can be up to 50 kHz per channel. 





@ Adjustable System Sampling Rates ane 
including 3°kHz. 44.1 kHz & 48kHz The ADCs use delta-sigma modulation with 64X over- 
ee ~~~ | sampling, followed by digital filtering and decimation, 
® Low Noise and Distortion | which removes the need for an external anti-alias filter. 
>90 dB S/(N+D) The CS5336 & CS5338 have an SCLK which clocks out 
data on rising edges. The CS5337 & CS5339 have an 
@ Internal 64X Oversampling ._ | SCLK which clocks out data on falling edges. 
e@ Linear Phase Digital Anti-Alias Filtering | The CS5336 & CS5337 have a filter passband of de to 
22kHz. The CS5338 & CS5339 have a filter passband 
er Ailbcasente pie de of dc to 24 kHz. The filters have linear phase, 0.01 dB 
p J _ | passband ripple, and >80 dB stopband rejection. 
® Low Power Dissipation: 400 mW The ADC’s are housed in a 0.6" wide 28-pin plastic DIP, 
Power-Down Mode for Portable and also in a 0.3" wide 28-pin SOIC surface mount 
Applications package. | 
¢ Evaluation Board Available . ORDERING INFORMATION: See ADC Data Book 
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CS5412 





12-Bit, 1MHz Self-Calibrating A/D Converter 





Features 


® Monolithic CMOS Sampling ADC 
On-Chip Track and Hold Amplifier 
Microprocessor Interface 

® Throughput Rates up to 1MHz 

® True 12-Bit Accuracy over eae 
Typical Nonlinearity: 3/4 LS 

o Missing Codes to 12 Bits 
@ Total Harmonic Distortion: 0.02% 


@ Dynamic Range: 72dB 


Self-Calibration Maintains Accuracy 
over Time and Temperature 


® Low Power Dissipation: 750mW 


General Description 


The CS5412 CMOS analog to digital converter provides 
a true 12-bit representation of an analog input signal at 
sampling rates up to 1MHz. To achieve high throughput, 
the CS5412 uses pipelined acqusition and settling times 
as well as overlapped conversion cycles. 


Unique self-calibration circuitry insures 12-bit accuracy 
over time and temperature. Also, a background calibra- 
tion process constantly adjusts the converter’s linearity, 
thereby insuring superior harmonic distortion and sig- 
nal-to-noise performance throughout operating life. 


The CS5412’s advanced CMOS construction provides 
low power consumption of 750mW and the inherent 
reliability of monolithic devices. 


An evaluation board is available which allows fast con- 
firmation of performance, as well as example ground 
and layout arrangements. 


ORDERING INFORMATION: See ADC Data Book 
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Low-Cost, 16-Bit Measurement AD Gon verter 


Features — a | General Description 


@ Monolithic CMOS ADC with Filtering The CS5501 is a low-cost CMOS A/D converter which 


is ideal for measuring low-frequency signals repre- 
6- Pole, Low-P ass Gaussian Filter senting physical, chemical, and biological processes. 


Corner Frequencies from 0.1 to 10HZ_ | The CS5501 utilizes charge-balance techniques to 
| | | | | achieve true 16-bit accuracy with up to aKh2 word rates 











@ Up to 4kHz Output Word Rates at very low cost. 
: > . en ae : The CS5501 continuously samples at a rate set by the 
¢ On Chip Self-Calibration Circuitry user in the form of either a CMOS clock or a crystal. 
Linearity Error: +0.0015% FS Max On-chip digital filtering processes the data and updates 
Offset and Full-Scale Errors: +1/2 LSB | the output register at up to a 4kHz rate. The filter has a 
. eooa rane low-pass, 6-pole Gaussian response with no overshoot 
16-Bit No Missing Codes (DNL +1/8 in response to step functions. Corner frequencies can 
LSB) be set from 0.1Hz to 10Hz, thus rejecting 50Hz and 
Sot” ~ | 60HZ line frequencies and any noise at spurious fre- 
@ System Calibration Capability quencies. 
ap atte The CS5501 includes on-chip self-calibration circuitry 
@ Flexible Serial Communications Port —_| which can be initiated at any time or temperature to 
UART- and pC-Compatible Formats insure offset and full-scale errors of typically less than 
1/2 LSB. The device can also be applied in system 
3-State Data and Clock Outputs | calibration schemes to null offset and gain errors in the 
input channel. 


@ Pin-Selectable Unipolar/Bipolar Ranges 
The CS5501’s serial port offers three modes of opera- 


@ Low Power Consumption: 25mW tion. In addition to a UART-compatible mode of 
| asynchronous communication, there are two general- 

TO WW Sleep Mode for Portable purpose modes for the direct interface to shift registers 
Applications — | , or synchronous serial ports of industry-standard 


microcontrollers. 
ORDERING INFORMATION: See ADC Data Book 
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® Evaluation Board Available 









SRAM Microcontroller 
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CS5503 | 





Low-Cost, 20-Bit Measurement A/D Converter 





Features 


® Monolithic CMOS ADC with Filtering: 
6-Pole, Low-Pass Gaussian Filter with 
Corner Frequencies from 0.5 to 10Hz 


Up to 4kHz Output Word Rates 


On Chip Self-Calibration Circuitry 
Linearity Error: +0.0003% FS 
Offset and Full-Scale Errors: +4 LSB 
20-Bit No Missing Codes 


System Calibration Capability 


Flexible Serial Communications Port 
uC-Compatible Formats 
3-State Data and Clock Outputs 


Pin-Selectable Unipolar/Bipolar Ranges 


Low Power Consumption: 25mW 
Sleep Mode for Portable Applications 


® Evaluation Board Available — 


General Description 


The CS5503 is a low-cost CMOS A/D converter which 
is ideal for measuring low-frequency signals repre- 
senting physical, chemical, and biological processes. 
The CS5503 utilizes charge-balance techniques to 
achieve true 18-bit accuracy with up to 4kHz word rates 
at low cost, in a 20-pin DIP package. 


The CS5503 continuously samples at a rate set by the 
user in the form of either a CMOS clock or a crystal. 
On-chip digital filtering processes the data and updates 
the output register at a 4kHz rate. The filtering assumes 
a low-pass, 6-pole Gaussian response. Corner frequen- 
cies can be set from 0.5Hz to 10Hz, thus rejecting 50Hz 
and 60Hz frequencies and any noise at spurious fre- 
quencies. ty & 


The CS5503 includes on-chip self-calibration circuitry 
which can be initiated at any time or temperature to in- 
sure offset and full-scale errors of less than 4 LSB. The 
device can also be applied in system calibration 
schemes to null offset and gain errors in the input chan- 
nel. 


The CS5503’s serial port offers two modes of operation, 
for direct interface to shift registers or synchronous 
serial ports of industry-standard microcontrollers. The 
CS5503 is pin compatible with the 16-bit CS5501. 


ORDERINGINFORMATION: — See ADC Data Book 
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Semiconductor Corporation 


Low-Cost, Lal channel, 16 - bit A/D Converter 


Features a ae | General Description 


® Offers superior performance to __—_| The CS5505 ia low-cost CMOS AND converter whic 
integrating A/D converters. | senting physical, chemical, and biological processes. 
The CS5505 utilizes charge-balance techniques to 

















Four channel pseudo- differential : 











° | | achieve true 16-bit Beeuresy with eve word rates at 
inputs = very lowcost. ~~ | 
® On Chip Self-Calibration ae aii: The CS5505 continuously samples at a rate set by the 
AG E -40.0015% ES M user in the form of either a CMOS clock or a crystal. 
inearity Error: ° aX On-chip digital filtering processes the data and updates 
16-Bit No Missing Codes (DNL +1/8 | the output register at a 20Hz rate. The user can ran- 
LSB) domly address any of the four pseudo-differential input 
} ~ | channels and perform conversions on demand. — 
© Output data rates up to 60/ second | The on chip digital filter offers superior line rejection at 
@ Flexible S IC Port 50 and 60Hz with the added advantage of spurious 
ExiDle erial ommunications Port noise rejection at higher frequencies. 
.C-Compatible Formats| | The CS5505 includes on-chip self-calibration circuitry 
3-State Data and Clock Outputs | which can be initiated at any time or temperature to 
a oe yee | insure offset and full-scale errors of typically less than 
e Pin-Selectable Unipolar/Bipolar Ranges | 1/2LspB. Don ae 
@ Low Power Consumption: 2mW me Sey elle kot Us MWe Gene tal DumOss 
modes for the direct interface to shift registers or 
1OWW Sleep Mode for Portable synchronous” serial ports of industry-standard 
Applications | microcontrollers. 7 | 
® Available in 24 pin 0.3 in molded and | 
hermetic DIP, and SOIC packages ORDERING INFORMATION: _ 
Oe ie fe, — Contact Crystal Semiconductor 
_ LACNV ~  VREFOUT SLEEP VA+ VA- VD+ DGND 
Voltage 
ro | 
Al 
AINi+ O— : Differential | | 4 CS 
AIN2+ § 2nd order Digital’ DRDY 
AIN3+ - delta-sigma a oN 4 SCLK 
AIN4+ & Modulator | mer SDATA 
AIN-  ¢@ : : : 
- VREF+ =“ VREF- XTAL BP/UP CAL = MODE 
| This document contains information for a new product. Crystal 
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Semiconductor Corporation 


CS7008— 





Digitally Configurable Universal Filter 





Features 


® Implements Even-Order Filters: 
To 50 kHz 
To 8th Order 


Same output pin for all filter types 


Digitally Programmable: 
Self Loading Mode 
uP bus Mode 


Filter can be changed in 30 us for 
adaptive applications 


Two Uncommitted Op Amps for Input 
Antialiasing and Output Smoothing 


Supported by CRYSTAL-ICE Filter 
Development System CDS7000 


Readback capability 


General Description 


The CS7008 is fabricated in standard 3 micron digital 
CMOS. It achieves high levels of performance through 
Crystal’s SMART Analog” design techniques. The 
CS7008 is a digitally configurable switched capacitor fil- 
ter capable of implementing virtually any even-order 
filter response of eighth order or below to 50 kHz. A 
microprocessor interface permits in-system reconfigura- 
tion of the filter resonse. Access to two op amps is also 
provided for use as input antialialsing and output 
smoothing filters if desired. 


System design is greatly simplified by using the Crystal- 
ICE Filter Development System, CDS7000. The 
development system provides menu-driven software 
that aids in the design and optimization of filters and 
provides hardware to download the filter parameter to a 
CS7008 (for in-circuit verification of performance) or to 
an EPROM programmer or DOS Files. The develop- 
ment system consists of hardware and software for use 
with an IBM PC and provides in-circuit emulation of the 
CS7008. . 


ORDERING INFORMATION: See ADC Data Book 
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High Speed 8-Bit A-to-D with Track and Hold 











Features : General Description 

® Completely Self-Contained The CS7820 is a low-cost, easy to use, microprocessor 

~~ On-Chip Track and Hold compatible 8-bit analog-to-digital converter with on-chip 
Microprocessor Interface track-and-hold function. Use of CMOS and half-flash 


techniques allow both high throughput rates (1.36ys 
max conversion time) and low power requirements 
(100mW max over the full Mil temperature range). 


‘Internal Clock 
Overrange Flag © 


@ Fast Conversion: 1 .36us Max The input to the CS7820 is tracked and held by on-chip 

sampling circuitry, eliminating the need for an external 

e True 8-bit Accuracy over Temperature track-and-hold amplifier for input signals slewing at less 
net ane Af than 100mV/us. e 
No Trims Required : 

No Missing Codes The CS7820 is designed to appear as a memory loca- 

. | tion or I/O port to a microprocessor without additional 

® Low Power Dissipation: 100mW Max external interfacing logic. All of the data outputs use 

latched, three-state output buffers, allowing direct con- 

© Replaces ADC0820 and AD7820 | nection to a data bus or input port on a microprocessor 

system. 
® Single +5V Supply | | The CS7820 is pin compatible with the ADC0820 and 
| | AD7820. : . | aa 


¢ Improved Latch-up Resistance ORDERING INFORMATION: See ADC Data Book 
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Semiconductor Corporation 


AES/ EBU Interface Line Driver 


Features General Description 


® Monolithic AES/EBU Interface The CS8401/2 is a monolithic CMOS device which en- 
Transmitter codes and transmits audio data according to the 
AES/EBU interface standards. The CS8401/2 accept 


audio and digital data, which is then multiplexed, en- 
Supports S/PDIF and ElAJ CP-340 coded and driven directly, or through a transformer, 
Professional and Consumer Formats | onto a cable. The CS8401 has an internal buffer 


memory for 1 block of channel data, which is loaded via 
Host Mode and Stand Alone Modes an 8-bit parallel interface. The CS8402 multiplexes in 
, the channel data directly from external input pins. 
Generates CRC Codes and Parity Bits 


On-Chip RS422 Line Driver 








ORDERING INFORMATION: 
Contact Crystal Semiconductor. 
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Channel Data 
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MO M1 M2 CS8402 MCK RST 


Serial Port 


Dedicated Channel Status Bis CFR 
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AES/ EBU Interface Line Receiver 
Features i i General Description 
® Monolithic AES/EBU Interface Receiver | The CS8411/12 is a monolithic CMOS device which 
v7 oa as : receives and decodes audio data encoded according to 


Supports S/PDIF and ElIAJ CP-340 the AES/EBU interface standard. The CS8411/12 


ips ; | receives data from the transmission line, recovers the 
Professional and Consumer Formats | clock and synchronization signals, and de-multiplexes 


the audio and digital data. Differential or single ended 











@ Host Mode and Stand Alone Modes _| inputs can be decoded to the professional and con- 
: Pee ee | oS tes ae sumer interface standards. The CS8411 has an internal 
e Checks. CRC Codes and Parity Bits buffer memory for 1 block of channel data, which is read 
; ; : via an 8-bit parallel interface. The CS8412 de-multi- 
© On-Chip RS422 Line Receiver plexes channel data directly to external pins. 
® 


Low Jitter Clock Recovery 


| ORDERING INFORMATION: 
Contact Crystal Semiconductor. 





CS8411 MCK 









RD/WR Channel Data. 
A0-A4 Buffer Memory 
Mo M1. M2 CS8412 MCK. RST 
FSYNC 
RCK 
RDATA ~ Serial Port 
oC 
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Dedicated Channel Status Bits CFR ERR 
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GENERAL INFORMATION 


DATA ACQUISITION: DATA ACQUISITION PRODUCTS | 


Analog-to-Digital Converters 
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Analog Line Interfaces 
T1 Framers 
Quartz Crystals 


T3/E3/SONET ANALOG RECEIVERS 
JITTER ATTENUATORS 


DTMF RECEIVERS 


DATACOM: ETHERNET/CHEAPERNET IC’s 


FIBER OPTIC TRANSCEIVERS 


Up to 256 kHz Rate/RS232/ISDN 
Up to 2.048 MHz Rate/T1/PCM-3 
LED’s | 


SUPPORT IC’s: POWER MONITOR 


MISCELLANEOUS: EVALUATION BOARDS 


APPLICATION NOTES 
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INTRODUCTION 


Low Power T1, PCM-30 and ISDN Primary Rate Line Interface Circuits 


Crystal Semiconductor offers a broad family of low power CMOS PCM line interface circuits, with each 
device optimized for a unique system application. The CS6152, CS6159, CS61535A, CS61574A, and 
CS61575 are recommended for use in new designs. 






CS6152: Basic DSX-1 driver and receive buffer. CS61535A: Enhanced transmit-side jitter at-— 
For low power cards using digital-ASIC clock tenuator supports SONET V1T1.5 and VT2, and 
recovery. Ideal for trunk card bays where T1 den- _— other high speed transmission systems such as 
sity is limited by heat dissipation. digital microwave radio and M13 multiplexers. 






“such as central offices and DCS 0/1, which need _—_—tenuation supports loop-timing in customer- 
the lowest cost per line, small package and low premises equipment (which needs to meet AT&T 
power consumption. —. - 62411) and in channel banks. 








Since introducing the industry’s first Tl and PCM-30 line interface circuits (the CS61534 and 
CS61544), we have shipped more CMOS PCM line interface ICs than any other vendor worldwide. 
Crystal Semiconductor’s leadership continues with the best in pulse shapes, jitter attenuation, jitter 
tolerance and low power consumption. a 


___ C86159 __CS61535A CS61574A CS61575 
Application T1 &PCM-30 | 1T1&PCM-30 | 1T1&PCM-30 | Ti &PCM-30 


Receiver | Data _, Clock & Data _ Clock & Data Clock & Data Clock & Data 
Functions Slicer Recovery Recovery Recovery & Recovery & 
Driver |. Driver ~ Jitter Atten. Driver Driver 
| — & Driver 
24-pin, 300 mil | 24-pin, 300 mil | 28-pin, 600 mil 28-pin, 600 mil | 28-pin, 600 mil 
> 300 Ul > 300 Ul > 300 UI 28 Ul 138 Ul 


ren , - : 









CS6152 


4 


Jitter Atten. Jitter Atten. 


Transmitter ~~ 
Functions 
Serial Control 

ort 7 
DIP Package 
AMI/B82ZS/ 
HDB3 Coder 


Jitter Tolerance 
of Receiver 





v0 
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Early generation line interface products have been superceded for new designs by enhanced performance 
devices: ne a 


¢ CS61535A supercedes the CS61534 and CS61544 for high-speed transmission systems. 
° CS6159 supercedes the CS615 8/CS615 8A for large synchronous systems. 


However, all Crystal line interface ICs remain in volume production. 
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T1 Transceiver 

Crystal Semiconductor’s CS2180B T1 Transceiver is a perfect companion to our T1 line interface ICs. 
This device handles encoding and decoding of all T1 frame formats (D4, SLC-96 and T1DM and 
ESF). Serial interface and control registers make it simple to configure from a microprocessor, includ- 
ing per-channel control options. Packages available include 40-pin DIP or 44-lead PLCC. 


While maintaining 100% compatibility, Crystal has improved on industry-standard 2180 designs: 
e Support of SLC-96 and T1DM formats | 


¢ Compliance with TR-TSY-000191 AIS detection criteria 


¢ Compliance with Bellcore Loss-of-carrier detection criteria 





¢ Buffered serial data interface, eliminating need for SDI to be valid for both rising/falling edges 
of SCLK 


¢ Enhanced serial data interface addressing, allowing one microprocessor serial port to be shared 
with a Crystal Line Interface 


e Universal AMI/B8ZS receiver 


¢ Industrial temperature operating range 
Quartz Crystals 


To complement our family of T1 Line Interface circuits, Crystal Semiconductor now supplies pullable 
quartz crystals. The CXT6176 (for T1 applications at 1.544 Mbps) and CXT8192 (for PCM-30 ap- 
plications at 2.048 Mbps) are designed for 100% compatibility with our PCM line interface and jitter 
attenuator Circuits. 
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CONTENTS 
CS2180A/2180B Tl Framer - (8 4 3-5 
CS6152 T1 (1.544 MHz) Analog Interface | | 3-53 
~ CS61534 T1 (1.544 MHz) & PCM-30 (2.048 MHz) Line Interface : — 3-65 
CS61535A T1 (1.544 MHZ) & PCM-30 (2.048 MHz) Line Interface 3-83 
CS61544 T1 (1.544 MHz) Line Interface 3-113 
CS61574/CS61575/CS61574A - oR 
T1 (1.544 MHz) & PCM-30 (2.048 MHz) Line Interface es. 3-129 
CS6158A T1 (1.544 MHz) & PCM-30 (2.048 MHz) Line Interface 3-157 
CS6159 T1(1.544 MHz) & PCM-30 (2.048 MHz) Line Interface 3-175 
CXT6176/8192 Crystals 3-189 
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T1 Transceivers 





Features 
® Monolithic T1 Framing Device 


® Both Transceivers support D4 and ESF 
framing formats 


® CS2180B also supports SLC-96 and 
T1DM framing formats 


® CS2180B has updated AIS and Carrier 
Loss detection criteria 

























¢ €S2180B is Plug Compatible with CS2180B-IP 40 Pin Plastic DIP -40 to 85 °C 
CS2180A, DS2180A and DS2180 CS2180B-IL 44 Pin PLCC -40 to 85 °C 
CS2180A-IP 40Pin Plastic DIP -40to 85°C 
CS2180A-IL 44 Pin PLCC -40 to 85 °C 
TMSYNC TFSYNC TSER TABCD 
TLCLK é 
11 PF i»... TCHCLK 
oS 
= 
a ee 
cs 
SCLK ¥ Serial 
SDI He Interface 
SDO 
SPS 
RSER ¢ 3 
26 | Data fF 
ABCD 251] demux [PTS roe, Fob pos 
ee L pe | CRC || Decoder 244 RNEG 
meee {30 | Timing. SS Synchronizer I FER 
orev Cue RSS EEE Meee ee 
RMSYNC RFSYNC  RYEL RBL(CS2180B-IL only) 
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General Description 


The CS2180A and CS2180B are monolithic CMOS 
devices which encode and decode T1 framing formats. 
The devices support bit-seven and B8ZS zero suppres- 
sion, and bit-robbed signaling. Clear channel mode can 
be selected on a per channel basis. 

The serial interface has been enhanced to allow the 
CS2180A and CS2180B to share a chip select signal 
and register address space with the CS61534/35/74 
PCM Line Interface device. ; 


Applications 

¢ T1 Line Cards 

¢ ISDN Primary Rate Line Cards 
Ordering Information: 


















a a a a ae = a -CS2180B 
ww fe —  6S2180A 





DC Supply (Referenced to GND 
Input Voltage, any pin(Referenced to GND 





Note: 1. Transient currents of up to 100 mA will not cause SCR latch-up. 


WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 


DC Voltage 


Supply Current 


Ambient Operating Temperature | 
Power Consumption (Notes 2, 3) 


Notes: 2. TCLK = RCLK = 1.544 MHz. If RCLK is static and RST is high, Pc will typically be 400 mW. Long term 





operation in this condition may degrade reliability. | 
3. Outputs open. 


DIGITAL CHARACTERISTICS (1, = 40 to 85 °C; Vpp = 5.0 V +10%; GND = 0 V) 






Notes: 4. lout = -100 pA. This guarantees the ability to drive one TTL load (VoH = 2.4 V @ lout = -40 WA). 
5. All outputs except INT, which is open drain. | 7 
6. All outputs. 
7. Applies to SDO when tristated. 
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SWITCHING CHARACTERISTICS - SERIAL PORT 
(Ta = -40 to 85 °C; Vop = 5V + 10%; Vin = 2.0V; Vit = 0.8V; Maximum input rise & fall times of 10 ns) 


[sorwSciKsep SSS te go | 













ed 
cD Ee 
ssclkLowTime = |stats | 
[SCLKHighTime | tc S| |e 
'SCLKRise&FallTimes | tste || 
CStosciksetup iT ito S| S| 
SclktocsHold = sd sttoo S| gS] 
CS Inactive Time | tow =f agg |e 


GS to SDO High-Z 


Note: 8. Output load capacitance = 100 pF. _ 
9. SDO goes High-Z after rising edge of SCLK for MSB, regardless of the state of CS. 





SCLK 


SDI LSB 


ale 





Data Byte 





le- Control Byte 


Serial Port Write Timing ts 


Notes: 10. For the CS2180A only, data bytes must be valid across low clock periods to prevent transients in 
operating modes. tcp is not a requirement for the CS2180B. In the CS2180B data is latched on the 
rising edge of SCLK. 

11. Shaded regions indicate don’t care states. 


cs 
SCLK 


SDO 





Serial Port Read Timing 


Note: 12. Serial port write must precede a port read to provide address information. 
13. SDO will go High-Z: 1) if CS returns high at anytime; 2) after outputing MSB. 
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SWITCHING CHARACTERISTICS - TRANSMITTER tee, § 
(Ta = -40 to 85 °C; Vpp = 5V ss 10%; Vin = 2.0V; Vi_ = 0.8V; Maximum input rise & fall times of 10 ns) — 




















a 2 
FToLk use wath —SSS*dCt st | ts a 
a 
aru 


250 ~ 
125 
tod 


| TESYNC, TMSYNC Pulse Width 






Propagation Delays 


TFSYNC to TMO, TSIGSEL, TSIGFR, TLCLK 






TCLK Rising to TCHCLK 


SWITCHING CHARACTERISTICS - RECEIVER | | 
(TA = -40 to 85 °C; Vop = 5V + 10%; ViH = 2.0V; ViL = 0.8V; Maximum input rise & fall times of 10 ns) 


Symbol 
Transition Time, All Outputs 
RCLK Period | | tp | 250 
WL , 100 
«50 












Min 
——7 eae 
250 
[ROLK Pulse Wath ——~—S~S~wdCS | 100 

| es 


RPOS, RNEG Hold to RCLK Falling | tHRD 


Minimum RST Pulse Width on 
System Power Up or Restart trst 


Propagation Delays 


RCLK to RMSYNC, RFSYNC, RSIGSEL 
RSIGFR, RLCLK, RCHCLK phe. <n « 


RPOS, RNEG Setup to RCLK Falling | otsan | 


RCLK to RSER, RABCD, RLINK 
RCLK to RYEL, RCL, RFER, RLOS, RBV 









Rise and Fall Times for RCLK & TCLK. _ . Transition Times for All Receiver Outputs. 
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tp 


-TCLK eG 
t stp al t wH t we 

TSER, 

TABCD, 


TLINK 


TFSYNC, yy 


TMSYNC 


TMO, TLCLK, : 
TSIGSEL, Rein whet oie as Vek baa eaas 
TSIGFR 


| t pTcH 
~ TCHCLK ee ee eee a 


Note: TMO, TLCLK, TSIGSEL and TSIGFR are generally coincident with the 
rising edge of TCLK. 





Transmitter Timing 


tp 
7 t wa twe 
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RFSYNC, RMSYNC, 
RSIGSEL, RSIGFR, 
RLCLK, RCHCLK 


RYEL, RCL, RBV, 
RFER, RLOS 


RST 


RPOS, RNEG 





Receiver Timing 
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GENERAL DESCRIPTION 


The CS2180A is a monolithic CMOS circuit that 


encodes and decodes T1 (1.544 MHz) digital 
transmission formats for D4 (1938S: 12 frames per 
superframe), and ESF (193E: 24 frames per su- 
perframe) framing formats. The CS2180B also 


encodes and decodes the SLC-96 (SLC: 72: 


frames per superframe) and DDS T1DM (T1DM: 
12 frames per superframe plus unique channel 
number 24) formats. | 


Both the CS2180A and the CS2180B provide full 
support for individual clear channels, bit-robbed 
signaling, alarm detection and generation, zero 
suppression, and idle channels. An overview of 
the 193S, 193E, SLC and T1DM framing formats 
is provided in the Application section at the end 


of this data sheet. The device provides inde- | 


pendent transmission and reception sides, with a 
shared serial controller interface for use with a 
host processor. A hardware mode is also available 
for operation independent of a host controller. 
The SLC and T1DM formats can be selected only 
via the CS2180B serial controller interface. 


The serial interface provides access to 16 on-chip 
control and status registers. The control registers 
are used to configure global parameters such as 
the framing format and zero suppression mode, as 
well as transmitter or receiver specific 
parameters. A hardware interrupt is provided, 
which can be configured via interrupt mask and 
Status registers to signal any combination of 
alarm conditions. 


‘Transmitter commands include enabling external 


framing bit, CRC, or S-bit insertion, declaring in- — 
dividual DSO channels clear and/or idle, and. 


enabling yellow and blue alarm modes in dif- 
ferent formats. The receiver can be configured to 
replace individual incoming channels with idle or 
digital milliwatt (u-LAW) codes, and a large 
variety of resync options are provided. Bipolar 
violations, CRC and framing errors are automati- 
cally counted in another set of registers which can 


be arbitrarily reset via the serial interface to 
provide variable saturation points. The Receive 
Status Register (RSR) provides data on all error 
and alarm conditions, and in conjunction with the 
Receive Interrupt Mask Register (RIMR), can be 
configured to signal an interrupt on INT in 
response to any alarm condition. 


Note: there are two different naming conventions 
in practice concerning the numbering of bits 
within a word. The most common convention in 
EE and Computer Science is to number the bits as 
0 - 7, starting from the LSB. This is the conven- 
tion used throughout this data sheet when 
referring to register bits. A different convention is 
used in the telecom literature when referring to 
the bits in a digital transmission stream. In this 
case, they are numbered 1 - 8, starting from the 
MSB. This convention is maintained in this data 
sheet whenever referring to the bits of a DSO 
channel word. 


CS2180B ENHANCEMENTS 


Enhancements made in the CS2180B include the 
following. The SLC-96 and DDS T1DM framing 
formats are supported in host mode. The AIS 
(Blue Code) detection is made compatible with 
TR-TS Y-000191 requirements (unframed all 
ones), and a received-blue-alarm output pin is 
added to the PLCC package. The Receive Carrier 
Loss detection criteria is made compatible with 
industry standard requirement of 175 +75 zeros. 


_ The receiver line code decoder is made universal. 


The decoder will automatically decode either 
AMI or B8ZS. The CS2180B B8ZS control op- 
tion controls only the transmitter’s encoder. The 
universal decoder simplifies the provisioning of 
B8ZS in the network. Lastly, the serial control in- 
terface was simplified. When writing data bytes 
on SDI, it is no longer necessary to have SDI 
valid for both the rising and falling edges of 
SCLK. Rather, SDI need be stable only on the 
rising edge of SCLK. 7 
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HOST MODE 
Serial Interface 


For applications in which the device is to inter- 
face with a host processor, the CS2180A and 
CS2180B can be configured to run in host mode 
by tying the Serial Port Select pin (SPS) to the +5 
V supply (VDD). This allows access to the serial 
port, providing a large number of configuration 
options via the 16 on-chip control and status 
registers. 


Serial read/write timing, controlled by SCLK, is 
entirely independent of the transmit and receive 
timing. This allows the host microcontroller to 
monitor the status register and counters, modify 
configuration options, and issue commands 
asynchronously with the Tl system. A serial 
timing overview is provided in Figure 1. 


All data transfers are initiated by setting Chip 
Select (CS) low. Any read or write to the serial 
port is initiated by writing an 8-bit command 
word. The command word consists of 4 separate 
fields (see Figure 2). When reading from the port, 
data is output on the falling edge of SCLK, and 
held until the next falling edge. | 


CS2180A Only: All data is written to and read 
from the port LSB first. When writing to the port, 
input data is not latched, and the device registers 
are open to the bus during SCLK low. To avoid 
transient corruption of the device registers, data 
must be valid for the entire low period of SCLK. 


CS2180B Only: All data is written to and read 
from the port LSB first. When writing to the port, 
SDI input data is sampled on the rising edge of 
SCLK. 


DO (LSB) is the R/W field, and specifies whether 
the current operation is to be a read or a write: 1 = 
read, O = write. The second 4 bits (D1 - D4) con- 
tain the address field. Written LSB first, they 
specify which of the sixteen registers. to access. 
D5 (Device Select) should be set to zero when 
addressing the CS2180A or CS2180B. However, 
if the CS2180A or CS2180B shares the same 
serial interface lines with a CS61534/35 or 
CS61574 Line Interface (see Figure 3), D5 will 
be set to a1" when addressing the Line Interface 
device. The CS2180A and €CS2180B will ignore 
any read/write commands with a "1" in DS, al- 
lowing both parts to share CS. D6 is reserved, 
and must be set to O for normal operation. 





Read or Write Register Data — 


$e _> 


Figure 1. Serial Read/Write Timing 
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Figure 2, Address Command Byte (ACB) 
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means that the command for a burst write is 80 
(hex) and a burst read is 81 (hex). 


Burst mode allows the sixteen registers to be con- 
secutively read or written. Writing all registers 
allows fast initialization at power-up or system 
reset. (Note that the Receiver Status Register, 
RSR, is read-only, so a write during burst mode 
will have no effect.) When using burst mode, 
registers are read or written in address order, 
0000 (RSR) to 1111 (RMR3). Burst mode ends 
on the first rising edge of CS. See Table 1 for a 
complete list of the CS2180A and CS2180B on- 
chip registers. 





Figure 3. Interfacing with CS61534/35/74 Line Drivers 


D7 (MSB) specifies burst mode if set to 1. When 
using burst mode, the address field of the com- 
mand word must be "0000", any other value will 
invalidate the command, and the CS2180A and 
CS2180B will simply ignore it. This effectively 


: : (T) TRANSMIT 
ADDR REGISTER NAME AND DESCRIPTION | (RR) RECEIVE 


~ 0000 _ Receive Status Register- A read only register which ae active receiver 
~ alarm conditions. | 


“0004 mn Receive Interrupt Mask Register - A mask which allows selection a individual 


~ alarm conditions for generation of hardware interrupt 


0010 | BVCR Bipolar Violation Count Register - A bipolar violation alarm is generated after 
this 8 bit counter surpasses it’s user definable limit. 


0011 Error Count Register- Two separate 4 bit counters, which record OOF errors, 


and frame bit or CRC errors. Like BVCR, each can be preset to a saturation point. 


‘Common Control Register - Selects global configuration options, such as: 
framing mode, zero suppression, or loopback. 


0101 am - Recelve Control Register - Selects receiver specific options, such as the resync. 


0100 


algorithm or insertion of digital milliwatt codes. 


Transmit Control Register - Selects transmitter specific options, such as alarm 
generation, clear or idle channel enable, and external S-bit or CRC insertion. 


0111 | Transmit Idle Registers- Each bit of the three TIR registers corresponds to an 


1000 individual DSO channel. When set, that channel is replaced with an idle code. 
1001 | TIR3 


1010 | TTR Transmit Transparent Registers - Each bit corresponds to a DSO channel. 
1011. | TTR2 ~ When set, that signaling and B7 zero suppression is disabled for that channel. 
1100 | TTR3. , | | 


1101 | RMR1 | ° Receive Mark Registers - Each bit correponds to a DSO channel. When set, the . 
1110 | RMR2 - channel data is replaced with an idle or digital milliwatt code. 
1111. | RMR3 | | : 


0110 





Table 1. On-Chip Registers 
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Figure 4a. Common Control Register (CCR) 


Common Control Register 


The Common Control Register (CCR) determines 
global operating characteristics common to both 
the transmitter and receiver. It currently provides 
for selection of the framing mode (193S, 193E, 
SLC or T1DM), the format of yellow alarms, the 
zero suppression format (B7 or B8ZS), loopback 
operation, and control of output to RSR.2. In the 
CS2180A, CCR.7 is reserved for future use, and 
should always be set 0 for proper operation. See 
Figure 4a for an overview of the CCR. 


Loopback 
CCR.0: LPBK 


Setting LPBK (CCR.0) to "1" puts the CS2180A 
and CS2180B into loopback mode. While in 
loopback, the output of TPOS/TNEG is internally 
rerouted directly to the RPOS/RNEG inputs, and 
an unframed, all "1’s" stream is output on 
TPOS/TNEG. All operating modes, except blue 
alarm transmission, remain functional during 
loopback. Note that enabling loopback will usual- 
ly invoke an out-of-frame (OOF) error until the 
receiver can resync to the new framing alignment. 
See the section on the Receive Control Register 
(RCR) for a description of the resync options 
available. 


Zero Suppression 
CCR.1: B7 
CCR.2: B&ZS 


B7 and B8ZS select the zero suppression mode. 
Setting B7 (CCR.1) to "1" will enable bit 7 zero 
substitution. This causes any channel word with 
all zeros to be transmitted with bit 7 an LSB) 
forced to a "1". B7 mode only affects the trans- 
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Figure 4b. Framing Format Selection 


mitter, the receiver does not decode B7. Note that 
bit 7 stuffing can be disabled on an individual — 
channel basis for clear channel transmission via 
the Transmit Transparent Registers TTR1 - TTR3 
(see description of transmitter which follows). 


B8ZS coding operates independent of channel 
boundaries, and is transparent to all other func- 
tions. When using B8ZS, the final transmission 
stream is examined before transmission, and any 
eight consecutive zeros will be replaced with a 
B8ZS code word before transmission. . 


CS2180A Only: If B8ZS (CCR.2) is set toa "1", 
B8ZS zero substitution will be enabled in both 
the transmitter and receiver. Incoming B8&ZS 
codes will be intercepted by the receiver and 
replaced with 8 zeros before being processed by 
the rest of the receive side. 


CS2180B Only: If B8ZS (CCR.2) is set toa "1", 
B8ZS zero substitution will be enabled in the 
transmitter. Independent of the setting of CCR.2, 
any incoming B8ZS codes will be intercepted by 
the receiver and replaced with 8 zeros before 
being processed by the rest of the receive side. 
The receiver is always capable of receving either 
AMI or B8ZS encoded data. 
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Note: For T1DM, CCR.1 and CCR.2 should be 


set to a"0" since DDS equipment assures a 1-in-8 


one’s density. . 


193S Yellow Alarm F ormat 
CCR.3: YELS 


The CS2180A and CS2180B supports two dif- 
ferent yellow alarm formats for 193S framing. 
Whichever format is selected, it will be used by 
both the transmit side, for yellow alarm genera- 
tion, and the receive side, for alarm detection. 


When using 1938S framing, a "0" in YELS 
(CCR.3) will encode/decode yellow alarms as a 
"O" in bit 2 (2" MSB) of all channels. Setting 
CCR.3 to "1" will cause yellow alarms to be en- 
coded/decoded as a "1" is the S-bit position of 
frame 12. Either setting is only effective when 
using 193S framing. 


Note: for TIDM, CCR.3 should be set toa "0". 


F raming Format — 
CCR.4: FM 
CCR.7: FMI 


As shown in Figure 4b, CCR.4 and CCR.7 select 
the framing format. Note that in the CS2180A, 
CCR.7 must be set to "0", and the SLC-96 and 
T1DM formats are not available. See the text for 
the Transmit Control Register (TCR) and Receive 
Control Register (RCR) for further information 
on the particular options available for each fram- 
ing format. 


I93E Yellow Alarm Format 
CCR.5: EYELMD 


The CS$2180A and CS2180B supports two dif- 
ferent yellow alarm formats for 193E framing. 
Whichever format is selected, it will be used by 
both the transmit side, for yellow alarm genera- 
tion, and the receive side, for alarm detection. 


3-14 


Matas ay "ana aPa nea Pura gtata'nta'atatatatatetata'atatata'a nia"s"atate'nts’e's"n"atatatatatarstntatatety! 


When using 193E framing, a "0" in EYELMD 
(CCR.5) will encode/decode yellow alarms as a 
repeating sequence of OOFF (hex) on the 4 kHz 


~ facility data link (FDL). If CCR.5 is set, 193E 


yellow alarms will be handled as a "0" in bit 2 
(2"4 MSB) of all channels. 


Control of RSR.2 
CCR.6: FRSR2 


CCR.6 allows you to change the meaning of D2 
in the Receive Status Register (RSR.2). If CCR.6 
is clear, RSR.2 will report the detection of B8ZS 
codes in the received T1 input. If CCR.6 is set to 
a"1", RSR.2 will be used to signal a Change of 
Frame Alignment (COFA). A COFA is reported 
when the last receiver resync resulted in a change 
of framing or multiframing alignment. Refer to 
the description of the Receive Status Register for 
further information. 
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TRANSMITTER 


The transmit sides of the CS2180A and CS2180B 
have three types of inputs, the clock, sync, and 
data inputs. Control is handled through the serial 
port in host mode, and through the mode control 
pins in hardware mode (see the last section for a 
description of hardware mode operation). 


Input Data 


None of the data inputs are buffered, so the data 
at each input must be available at the appropriate 
time for the CS2180A and CS2180B to multiplex 
into the output stream. All inputs are sampled on 
the falling edge of TCLK. The delay from input 
to output is 10 TCLK cycles. 


NRZ data for DSO channels is input on TSER. 
Framing bits (Fr or FPS bits) and CRC data may 
either be generated internally or supplied by the 
host system. If this data is to be externally sup- 
plied, it must be inserted into the DSO input 
stream at the appropriate frames and input via 
TSER. 


S-bits may be generated internally, or externally 
provided via TLINK. FDL bits are always 
provided externally on TLINK. Bit-robbed sig- 
naling, when enabled, is always sampled at 
TABCD. The CS2180A and CS2180B muxes in 
data from these 3 sources (TSER, TLINK, and 
TABCD) automatically depending on the trans- 
mitter configuration. 


Output Data 


The completed T1 data stream, ready for line 
transmission, is output on TPOS/TNEG. For 
operation with the CS6152, CS61534, CS61535, 
CS6158, CS6159 or CS61574 line interfaces, out- 
put can be set to dual-unipolar format by clearing 
bit 7 of the Transmit Control Register (TCR.7). 
TCR.7 should be set to a "1" for operation with 
the CS61544. In this configuration, the data will 
be output on TPOS in NRZ format, and TNEG 


will remain low. When operating in hardware 
mode, output defaults to the dual-unipolar format. 
TPOS and TNEG may not be tied together, so an 
external OR gate is recommended if NRZ output 
is required while in hardware mode. 


Frame/Multiframe Synchronization 


The CS2180A and CS2180B maintain timing for 
frame and multiframe alignment with internal 
counters driven by TCLK. The timing signals 
generated by those counters are output on 
TCHCLK, TMO, TSIGSEL, TSIGFR, and 
TLCLK. These counters determine when the 
CS2180A and CS2180B will insert F-bits and 
sample external signaling data. The frame and 
multiframe counters can be reset independently 
via TMSYNC and TFSYNC. If left to run 
without a sync pulse, the CS2180A and CS2180B 
will arbitrarily choose a framing alignment. 


A low to high transition of TMSYNC, occurring 
near the rising edge of TCLK, resets the 
CS2180A’s and CS2180B’s counters to mark the 
bit-period concurrent with the next falling edge of 
TCLK as the F-bit of the first frame of a new su- 
perframe. All other timing will be set to match the 
superframe alignment automatically; TMSYNC 
may be pulsed once at start-up and left low, or left 
running in sync with superframe timing. 


A low to high transition of TFSYNC, occurring 
near the rising edge of TCLK, resets the 
CS2180A’s and CS2180B’s counters to mark the 
bit-period concurrent with the next falling edge of 
TCLK as the F-bit of a new frame. If TMSYNC 
is used to set superframe alignment, frame align- 
ment will also be set, and TFSYNC may be tied 
low. There is, of course, no harm in using both 
TMSYNC and TFSYNC together, as TFSYNC 
has no effect on multiframe alignment if it is in 
sync. If, however, TFSYNC is used out of sync 
with TMSYNC, the superframe alignment will be 
moved forward by the least number of bits neces- 
sary to be in alignment with the new frame 
boundary. 
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Figure 5, Bit Level Transmit fere (193K, sienattie enabled) 


Figure 5 shows the bit-level timing (with signall- 
ing enabled). Note that the delay from input to 
output is 10 TCLK cycles. TCHCLK transitions 
high at the beginning of every DSO channel (50% 
duty cycle). 


| I 93S Tuning 


Frame and multiframe timing is output on 
TCHCLK, TMO, TSIGSEL, TSIGFR, and 
TLCLK. TMO transitions high at the beginning 
of every superframe (50% duty cycle). TSIGFR 
goes high during signaling frames (every 6 
frames). TLCLK is a 4 kHz clock for the TLINK 
input. TLCLK goes high during odd frames (ex- 
ternal S-bit insertion). | 


TSIGSEL runs at twice the frequency of TMO. 
Logical combination of TMO and TSIGSEL 
provides a way to distinguish the 6" and 12 
frames for external multiplexing of signaling 
channels. TMO is high for channel A, and low 
for B. See Figure 6 for timing diagram. | 
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193E Timing | 


Frame and multiframe timing is output on 
TCHCLK, TMO, TSIGSEL, TSIGFR, and 
TLCLK. TMO transitions high at the beginning 
of every superframe (50% duty cycle). TSIGFR 
goes high during signaling frames (every 6 
frames). TLCLK is a 4 kHz clock for the TLINK 


input. TLCLK goes high during odd frames Cn 


insertion). 


TSIGSEL runs at twice the frequency of TMO. 
Logical combination of TMO and TSIGSEL 
provides a way to distinguish the 6th, 12th, 18th, 
and 24th frames for external multiplexing of sig- 
naling channels. TMO is high for channels A and 
B, and TSIGSEL is high for channels A and C. 
See Figure 7 for timing diagram. 
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Figure 6. 193S Multiframe Transmit Timing 
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Figure 7, 193E Multiframe Transmit Timing 


SLC -96 Timing 


Figure A6 of the Application Section, shows the 
SLC-96 superframe structure. Note that in Figure 
A6, the first C bit (C1) resides in frame 12. A low 
to high transition of TMSYNC identifies Frame 1 
of Figure A6. 


Frame and multiframe timing is output on 
TCHCLK, TMO, TSIGSEL, TSIGFR and 
TLCLK. TSIGSEL can be used to identify the 
location of the DL bits. The TSIGSEL output is 
high during frames 58 to 11, and is low during 
frames 12 to 57. When TSIGSEL is low, the 
CS2180B accepts DL bits on TLINK at a 4 kHz 
rate, The DL bits which are input on TLINK are: 
C1-C11, DC, DC, DC, M1-M3, Al, A2, S1-S4. 


"DC" signifies "don’t care" bits. The DC-bit posi- 
tions correspond to the spoiler bits. The CS2180B 
internally generates the spoiler bits. The data 
input on TLINK in the DC position is ignored by 
the CS2180B. TLCLK is a 4 kHz clock for the 
TLINK input. TLCLK goes high during odd 
frames. 


TMO transitions high at the beginning of every 
12th frame. TSIGFR goes high during signaling 
frames (every 6 frames). The rising edge of TMO 
identifies the 6 frame, and the falling edge of 
TMO identifies the 12 frame for external multi- 
plexing of signaling channels. See Figure 8 for 
timing diagram. 
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Figure 8. SLC-96 Multiframe Transmit Timing 


TIDM Timing 


Frame and multiframe timing is output on 
TCHCLK, TMO, and TLCLK. TMO transitions 
high at the beginning of every superframe (50% 
duty cycle). TSIGFR goes high during signaling 
frames (every 6 frames). 


The channel 24 data link is input on TLINK using 
TLCLK. TLCLK is a 8 kHz clock with a duty 
cycle of 1 bit period high per frame. When 
TLCLK is high, TLINK will be sampled on the 
falling edge of TCLK. See Figure 9 and "Switch- 
ing Characteristics - Transmitter" for timing 
diagrams. : 


evarne:. 


TSIGSEL and TSIGFR serve no purpose in the 
T1DM mode and can be ignored. However, 
TSIGSEL and TSIGFR operate as in 193S mode. 
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Figure 9. TIDM Multiframe Transmit Timing 
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Figure10. Transmit Control Register (TCR) 


Transmitter Control Register (TCR) 


When in host mode, there are a number of options 
available for transmitter configuration which can 
be enabled via the Transmit Control Register 
(TCR), Transmit Transparent Registers (TTR1 - 
TTR3), and Transmit Idle Registers (TIR1 - 
TIR3). Serial read and write operations to access 
these registers are explained in the Serial Inter- 
face section above. When operating in hardware 
mode, all control bits in the TCR default to "0" 
(except TCR.4, which defaults to "1" to enable 
bit-robbed signaling), and dynamic control is 
limited to the mode control pins as described 
under hardware mode below. 


The TCR provides control to enable bit-robbed 
signaling, external framing bit, CRC, or S-bit in- 
sertion, and yellow and blue alarm modes. It also 
provides for two different idle code formats, and 
selection of bipolar or NRZ output. Figure 10 
Shows an overview of the Transmit Control 
Register. 


Transmit Yellow Alarm 
TCR.O: TYEL 


Setting TYEL (TCR.O) to a "1" causes the 
CS2180A and CS2180B to automatically 
generate and transmit a yellow alarm in the ap- 
propriate format. In 193S mode the yellow alarm 
format used will be determined by the setting of 
CCR.3. In 193E mode, the yellow alarm format 
will be determined by the setting of CCR.5. See 
Common Control Register, above, for description 
of the available yellow alarm formats for 193S 
and 193E modes. In SLC mode, the CS2180B 
does not generate the yellow alarm code. rather, 
the user transmits the SLC-96 yellow alarm via 
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the data link. In T1DM mode, the yellow alarm is 
transmitted in bit 5 of channel 24 (and CCR.3 
should be set to a "0"). Clearing TCR.O disables 
yellow alarm transmission. 


Transmit Blue Alarm 
TCR.1: TBL 


Setting TBL (TCR.1) to a "1" generates a blue 
alarm; an unframed sequence of all "1’s". If a 
framed, all "1’s" signal is required, an FF (hex) 
idle code may be output on all channels via ap- 
propriate settings of TCR.3 and the TIR registers 
(see Transmit Idle Code Select below). Blue 
alarm (Alarm Indication Signal, or AIS) overrides 
all other transmission data, and a blue alarm is 
automatically output during loopback. Clearing 
TCR.1 disables blue alarm transmission. 


1938, SLC and TIDM S-bit Insertion 
TCR.2: 193SI 


TCR.2 is applicable to 1938S, SLC and T1DM 
modes, but not to the 193E mode. | 


In the 193S and T1DM modes, setting 193SI 
(TCR.2) toa "1" allows the S-bit (all even F-bits) 
to be externally supplied via TLINK. When 
TCR.2 is clear, the S-bit - will be internally 
generated. | 3 


In the SLC mode, setting 193SI (TCR.2) to a "1" 
allows the S-bit (selected even F-bits) to be exter- 
nally supplied via TLINK, and the user must 
input all Fs, spoiler and DL bits. When TCR.2 is 
clear, the CS2180B generates the SLC-96 spoiler 
bits and Fs bits, and the user inputs all other DL 
bits on TLINK using TLCLK. 
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Note: when using internal S-bit generation. 


(TCR.2 = 0) in conjunction with external Fr bit 
insertion (TCR.6 = 1), the CS2180A and 


CS2180B will logically OR’ the value at TSER © 


with the internally. generated value. This means 
that the data on TSER during S-bit periods should 
always be "0" to avoid corrupting the generated 
Fs pattern. | | 


Transmit Idle Code Select 
TCR.3: TIS 


Individual DSO channels can be replaced with 
idle codes by setting the corresponding bits in the 
Transmit Idle Registers (TIR1 - TIR3) described 
below. TIS (TCR.3) selects which of two codes to 
use. A "0" in TCR.3 will cause a 7F (hex) to be 
inserted into the channels specified in the TIR. 
Setting TCR.3 to a "1" will select an FF (hex) 
code. By asserting all 24 channels idle in the TIR, 
this setting can be used to generate a "framed" 
blue alarm. Whichever. mode is selected, bit- 
robbed signaling will still effect idle channels 
unless they are programmed clear (see Transmit 
Transparent Registers, below). 


Robbed Bit Signaling Enable 
TCR.4: RBSE 


A. "0" in RBSE (TCR.4) will disable bit-robbed 
signaling. Setting TCR.4 to a'"1" will enable sig- 
naling in all channels. In this mode, data on 
TABCD is inserted into the LSB of all DSO chan- 
nels during signaling frames. For mixed voice 
and data transmission, individual DSO channels 
can be programmed clear by setting the cor- 
responding bits in the Transmit Transparent 
Registers (TTR1 - TTR3) described below. 


CRC Pass-through — 
TCR.S: TCP 


In. 193E framing mode, the CRC bits (F-bit of 
frames 2, 6,.10, 14, 18, and 22) may be either 


generated internally, or supplied by the user. 


Clearing TCP (TCR.5) causes the CS2180A and 
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- CS2180B to generate and insert the CRC bits 


automatically. If TCR.5 is set to a "1", data for 
the CRC channel may be externally supplied. 
When using this mode, CRC bits are sampled > 
from TSER, and must be externally multiplexed 
into the DSO channel data at the F-bit times of 
CRC frames. 


FT/FPS Pass Through 
TCR.6: TFPT 


When TFPT (TCR.6) 1s clear, the framing bits for 
193S, TIDM and SLC (Ft), or 193E (FPS) are 
generated internally and automatically inserted 
into the outgoing data stream. Setting TCR.6 to a 
"1" allows the framing bits to be externally 
provided. When using this mode, framing bits are 
sampled from TSER, and must be externally mul- 


_ tiplexed into the DSO channel data at the F-bit 


times of the appropriate frames. See note under 
TCR.2, above. . 


Output Data Format 
TCR.7: ODF 


ODF (TCR.7) allows the format of the output 
data at TPOS/TNEG to be set to either dual-. 
unipolar or NRZ format. Clearing TCR.7 selects 
for dual-unipolar format on TPOS/TNEG. Setting 
TCR.7 to a ''1" causes data to be output on TPOS 
in NRZ format, and TNEG is held low. When 
operating in hardware mode, output defaults to 
the dual-unipolar format. TPOS and TNEG may 
not be tied together, so an external OR gate is 
recommended if NRZ is required while in 
hardware mode. 7 
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Figure11. Transmit Transparent Registers (TTR1 - TTR3) 
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TIR2 
TIRS 


"0" = Normal 


"1" = Corrsponding DSO Channel is Replaced with Idle Code. (See TCR.3) 
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Figure 12. Transmit Idle Registers (TIR1 - TIR3) 


Transmit Transparent Registers (TTR) 


The Transmit Transparent Registers allow in- 
dividual DSO channels to be programmed clear, 
disabling robbed bit signaling and B7 zero sup- 
pression for that channel (if selected, B8ZS is 
unaffected by transparent channels). There are 3 
TTR registers: TTR1, TTR2, and TTR3. Each bit 
in the TTR registers corresponds to a DSO chan- 
nel: TTR1.0 = channel 1, TTR1.7 = channel 8, 
TTR2.7 = channel 16, etc. A channel is 
programmed clear by setting the bit which cor- 
responds to that channel in the appropriate TTR 
register. See Figure 11. 


Transmit Idle Registers (TIR) 


By setting the appropriate bits in the Transmit 
Idle Registers, individual DSO channels can be 
replaced with the idle code selected via TCR.3 
(see above). If the idle channel is not also 
programmed clear (via TTR1 - TTR3), the code 
may be corrupted during signaling frames if 
robbed bit signaling is enabled (TCR.4 = 1). 
There are 3 TIR registers: TIR1, TIR2, and TIR3. 
Each bit in the TIR registers corresponds to a 
DSO channel: TIR1.0 = channel 1, TIR1.7 = 
channel 8, TIR2.7 = channel 16, etc. A channel is 
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programmed idle by setting the bit which cor- 
responds to that channel in the appropriate TIR 
register. See Figure 12. 


Transmission Insertion Hierarchy 


Figures 13a - 13c give an overview of the 
decision hierarchy which determines the final 
composition of the output stream. It shows the 
various control options as inputs into decision 
branches of the flow chart, and the order in which 
the various optional signals are muxed into the 
final data stream. 
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Figure 13a. Transmit Insertion Hierarchy: Framing Bits 
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Figure 13b. Transmit Insertion Hierarchy: Idle Codes, Signaling, and B7 
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Figure 13c. Transmit Insertion Hierarchy: Alarms, B8ZS, and Loopback 
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RECEIVER 


The receive sides of the CS2180A and CS2180B 
have only three inputs: the clock (RCLK), the in- 
coming signal (RPOS/RNEG), and a reset pin 
(RST). The receiver determines the framing 
synchronization of the incoming data, and outputs 
the timing information on the six timing clocks: 
RLCLK, RCHCLK, RFSYNC, RMSYNC, 
RSIGFR, and RSIGSEL. Alarms and error condi- 
tions are recorded in the Receive Status Register, 
and output in real time on the five status pins: 
RYEL, RCL, RBV, RFER, and RLOS. The 
decoded data is separated into it’s component 
channel, link, and signaling components and out- 
put on RSER, RLINK, and RABCD respectively. 





When in host mode, the Receive Control Register 
allows control of the sync algorithm, and inser- 
tion of idle or digital milliwatt (u-LAW) codes 
into individual DSO channels. The internal error 


counters can be accessed, and the Interrupt Mask | 


Register can be programmed to specify the condi- 
tions under which a hardware interrupt is 
generated on INT. When running in hardware 
mode, receiver status can still be monitored on 
the status pins; and access to the error counters, 
sync algorithm, interrupt mask, and the insertion 
of idle codes are disabled. 


Input Data 


The receiver accepts the incoming T1 stream via 
RPOS/RNEG in dual-unipolar format. Tying 
RPOS/RNEG together disables the bipolar viola- 
tion alarm and allows reception of data in NRZ 
format. Input data is sampled on the falling edge 
of RCLK. Delay from input at RPOS/RNEG to 
output on RSER is 13 RCLK periods. 


Output Data 
The receiver will attempt to sync and decode the 


framing format selected via CCR.4 and CCR.7. 
The decoded T1 stream is output in NRZ format 


on RSER, and updated every RCLK period. Out-_ 


put data is latched on the rising edge of RCLK, 
and held until the next update. Delay from input 
at RPOS/RNEG to output on RSER is 13 RCLK 
periods. 


Link and signaling data is always output on 
RLINK and RABCD respectively, independent of 
the transmitter configuration. RABCD outputs the 
LSB of every DSO channel word, whether it is 
currently a signaling frame or not. The data is up- 
dated on the channel boundary, concurrent with 
the MSB, and held until the next update (8 or 9 
bits). RLINK outputs either S-bit, SLC DL or 
FDL bits, depending on the framing format. Data 
is updated 1 bit period prior to the Fs or FDL 
frame and held until the next update (2 frames). 


Output Clocks 


Several timing clocks are provided for identifying 
this data. The timing clocks are RLCLK, 
RCHCLK, RFSYNC, RMSYNC, RSIGFR, and 
RSIGSEL. Logical combination of these six sig- 
nals allows easy extraction of any part of the 
received data stream. RMSYNC runs on a 50% 
duty cycle, and transitions high at the start of 
each new superframe output on RSER. RFSYNC 
transitions high at the start of every new frame. 
Individual DSO channels are identified by 
RCHCLK, which runs on a 50% duty cycle and 
transitions high at the MSB of every individual 
time slot. Bit level timing is shown in Figure 14. 


193S Timing 


Link data can be identified by RLCLK, which 
goes high for all odd numbered frames. RSIGFR 
is high for signaling frames, and low at all other © 
times. RSIGSEL runs at twice the frequency of 
RMSYNC. Logical combination of RMSYNC 
and RSIGSEL provides a way to distinguish the 
6" and 12" frames for external multiplexing of 
signaling channels. RMSYNC is high for those 
frames containing A signaling bits, and low for 
frames containing B bits. Refer to Figure 15 for a 
timing diagram. 
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Figure 14. Bit Level Receive Ca (193E mode) 
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Figure 15. 193S Multiframe Receive Timing 
193E Timing SLC-96 Timing 


Link data can be identified by RLCLK, which 
goes high for all odd numbered frames. RSIGFR 
is high for signaling frames, and low at all other 
times. RSIGSEL runs at twice the frequency of 
RMSYNC. Logical combination of RMSYNC 
and RSIGSEL provides a way to distinguish the 
oh 12" ig, and 24 frames for external multi- 
plexing of signaling channels. RMSYNC is high 
for frames containing A and B signaling bits, and 
RSIGSEL is high for frames with A and C bits. 
Refer to Figure 16 for a timing diagram. 
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The CS2180B will output 36 bits of the DL on 
RLINK using RLCLK. RSIGSEL can be used to 
locate the DL bits. RSIGSEL will be held high in 
those frames where Fs bits and the last spoiler bit 
are present (frames 58 to 11). RSIGSEL is held 
low in all other frames (frames 12 to 57). 
RSIGEFR is high for signaling frames, and low at 
all other times. RMSYNC is high for frames con- 
taining A signaling bits, and low for frames: 
containg B bits. Refer to eure 17 fora timing 
diagram. 
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Figure 16. 193E Multiframe Receive Timing 
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Figure 17. SLC-96 Multiframe Receive Timing - 
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TIDM Timing : Figure 18 and "Switching Characteristics— 


Receiver" for timing diagrams. RSIGFR, 
The 8 kHz link data can be sampled on RLINK RSIGSEL and RLCLK serve no purpose in the 
using the falling edge of RFSYNC. Refer to T1DM mode and may be ignored. 7 
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Figure 19. Receive Control Register (RCR) 


Receive Control Register (RCR ) 


The RCR provides for insertion of either idle or 
digital milliwatt codes, and has six different con- 
trol bits which enable a large number of options 
for tailoring the receiver resync behavior. Refer to 
Figure 19 for an overview of the RCR. 


Receive Code Select/Insert 
RCR.4: RCS 
RCRS: RCI 


When enabled via RCI (RCR.5), the Receive | 


Mark Registers are used to select individual DSO 
channels for insertion of idle or digital milliwatt 
codes, as selected via RCS (RCR.4). There are 
three RMR registers: RMR1, RMR2, and RMR3 
(Figure 20). Each bit in the RMR registers cor- 


responds to a received DSO channel: RMR1.0 = | 


channel 1, RMR1.7 = channel 8, RMR2.7 = chan- 
nel 16, etc. A channel is marked for code 
insertion by setting the bit which corresponds to 
that channel in the appropriate RMR register. 
When RCR.5 is clear, code insertion is disabled, 


and the contents of the RMR registers are ig- 


nored. 


RCS (RCR.4) selects whether to insert an idle 
code, or a digital milliwatt code, into the in- 


dividual DSO channels marked in the three 
Receive Mark Registers (RMR1 - RMR3). Clear- 
ing RCR.4 will select for an idle code (7F hex) to 
be inserted into marked channels. Setting RCR.4 
to a "1" will cause a digital milliwatt code (u- 
LAW format) to be inserted into all marked 
channels. 


Receiver Synchronization 


The receiver monitors the incoming signal for 
loss of frame or multiframe alignment. Unless 
' auto resync has been disabled via RCR.1 (see 


below), the receiver will automatically initiate a 
search for the correct framing alignment when 
loss of synchronization is detected, and RLOS 
(pin 39) will go high until a new framing align- 
ment is declared. 


When the receiver initiates an auto resync, 


- RSIGFR is held low, but all other output timing 


will continue in the old alignment until the new 
framing is found. When the new framing align- 
ment 1s qualified, the output timing will change to 
the new alignment at the beginning of the next 
superframe, and RLOS will return low one bit 


period before the F-bit of the second frame. 


(MSB) [6] 5) ) | a 7 ro] (LSB) 
RMR1 
RMR2 
RMR3 


“OQ” = Normal 


"{" = Corrsponding DSO Channel is Replaced with Idle or Digital Milliwatt Code. (See RCR.4 and RCR.5) 


Figure 20. Receive Mark Registers (RMR1 - RMR3) 
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A receiver resync has no effect on the transmit 
side timing or configuration, and behavior of the 
output timing and RLOS pin is the same as that 
for an auto resync described above. This is in 
contrast to a reset initiated via the RST pin, which 
clears all internal registers on the falling edge, in- 
cluding the transmit side registers, resets the 
output timing while RST is low, and then initiates 
a receiver resync on the rising edge. 


The time it takes the receiver to resync depends 
on resync algorithm selected via RCR.2 and 
RCR.3. The remaining bits in the RCR (1, 6, and 
7) determine under what conditions an automatic 
resync will be initiated. 


Forced Resync 
RCR.0O: RESYNC 


RES YNC (RCR.O) can be used to force a receiver 
resync. Toggling RCR.O will initiate a resync im- 
mediately on the rising edge. It must then be 
cleared and set again to initiate another resync. 
Toggling RCR.O when going into loopback mode 
will force the receiver to resync to the new frame 
alignment immediately. This is faster than waiting 
for the internal hardware to recognize an out-of- 
frame (OOF) condition and initiating an 
automatic resync. 


Auto Resync Conditions 
RCR.1: SYNCE 

RCR.6: OOF 

RCR.7: ARC 


SYNCE (RCR.1) can be set to a "1" to complete- 
ly disable automatic resync. If RCR.1 is clear, a 
resync will automatically be initiated when the 
conditions specified by RCR.6 and RCR.7 are 
detected. 


OOF (RCR.6) specifies how many framing bits 
(FT or FPS channels only) must be in error before 
the receiver declares an out-of-frame (OOF) con- 
dition. A resync is always initiated (unless 
disabled) when an OOF is detected. If RCR.6 is 
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clear, an OOF is declared if 2 out of 4 Fr or FPS 
bits are in error. If RCR.6 is set to a one, an OOF 
is declared if 2 out of 5 framing bits are errored. 
Note that the setting of RCR.6 also effects the 
reporting of OOF events to the Receive Status 
Register (RSR) and Error Count Register (ECR). 
Refer to the appropriate sections below for 
details. 


ARC (RCR.7) declares whether the receiver will 
initiate a resync on an OOF event only, or resync 
on both OOF and carrier loss (RCL). If RCR.7 is 
cleared, the receiver will commence resync upon 
detection of either an OOF event (as defined by 
RCR.6 above), or an RCL. If RCR.7 is set, the 
receiver will only resync in response to an OOF 
condition. 


Resync Algorithm 
RCR.2: SYNCT 
RCR.3: SYNCC 


SYNCT (RCR.2) allows you to declare how 
many bits must be qualified in the framing pattern 
before the receiver declares synchronization. 
When RCR.?2 is clear, 10 consecutive FT or FPS 
framing bits must be qualified. Setting RCR.2 to 
a "1" requires the CS2180A and CS2180B to 
qualify 24 consecutive Fr or FPS framing bits 
before declaring synchronization. 


SYNCC (RCR.3) allows you to modify the algo- 
rithm employed to search for and qualify the 
framing alignment. There are two different 
qualifying conditions available for each framing 
mode (193S or 193E), and the meaning of RCR.3 
depends on which framing mode has been 
selected via CCR.4. | | | 


193S Resync 


When operating with the 193S framing format, 
RCR.3 selects whether or not the CS2180A and 
CS2180B will qualify the Fs bits during resync. 
If a non-standard S-bit pattern is being used, 
clearing RCR.3 will enable the device to first 
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search for the Fr framing pattern to find frame 
alignment, and then only reset multiframe align- 
ment if the Fs pattern can be found. This means 
that if a valid Fs pattern is not found, 
synchronization will be declared anyway, and the 
multiframe alignment indicated by RMSYNC 
may be false. The S-bits output on RLINK can be 
used to decode framing externally in such ap- 
plications. 


When using standard Fs signaling, setting RCR.3 


to a"1" will cause the device to cross check the 


FT and Fs patterns to find sync, and both patterns. 
must be valid before sync is declared. Note that in 
either setting, S-bit format yellow alarms are 
recognized by the synchronizer if they have been 
_ selected by setting CCR.3. | 


I93E Resync 


Clearing RCR.3 while in 193E mode will cause 
the CS2180A and CS2180B to use only the FPS 
framing pattern when looking for a valid framing 
alignment. If RCR.3 is set, the device will attempt 
to qualify the CRC bits after a candidate align- 
ment has been found. If the CRC codes match, 
then the new alignment will be declared, if not, 
the device will try two more times. If the third 
CRC code does not qualify, then the device will 
Start a new resync procedure and continue in this 
manner until a framing alignment can be verified 
with the CRC codes. 


Note that after 24 ms, if there are still multiple 
candidates for framing alignment, the device will 
test the CRC codes to eliminate false candidates 
regardless of the setting of RCR.3. After the 
framing alignment has been found, it takes about 
9 ms for the device to check the CRC codes for 
the first superframe. If that superframe fails, it 
takes about 3 ms to check each additional CRC 
code. 
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SLC-96 Resync 


When operating with the SLC-96 framing format, 
the receiver should be programmed for Fs/FT 
cross-coupling (RCR.3=1) and for minimum 
resync time (RCR.2=0). This causes the 
CS2180B to sync on 12 valid Fs/FT bits in frames 
60 through 10, and prevents false synchronization 
to data link and/or spoiler bits. © 


TIDM Resync 


Resync is based upon the 6-bit sync word in 
channel 24. Once the sync word is recognized, 6 
consecutive frames with the correct sync word 
and Fs/Fr bits are required before declaring 
synchronization. RCR.2 must be set to "0". 
RCR.3 is ignored. When frame synchronization is 
declared, RLOS goes low and RFSYNC is output 
concurrent with the f-bits. However, the super- 
frame output clocks (RMSYNC, RSIGFR and 
RSIGSEL) are held low for an additional short 
period of time until superframe synchronization is 
found. 
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Figure 21. Receive Status Register (RSR) 


Receive Status Register (RSR) 


The CS2180A and CS2180B monitors the incom- 
ing T1 data for a number of error conditions. 
These alarms are recorded in the Receive Status 
Register (RSR), and output in real time on the 
Status pins: RYEL, RCL, RBV, RFER, and 
RLOS. Three presettable counters are provided 
which count the number of occurrences of 
Bipolar Violations, Framing and CRC errors. The 
Receive Interrupt Mask Register, RIMR (see 
below), can be set to specify which of the eight 
errors recorded in the RSR will generate a 
hardware interrupt on INT. When operating in 
hardware mode, all these registers are cleared, 
and only the status pins provide real time alarm 
information. 


Each of the eight bits of the RSR (Figure 21) cor- 
responds to an alarm condition. A bit in the RSR 


Y~ Errored F-bit yond Frame 


LE) 


RSER 





RFSYNC | | vee 
RFER | | or 


RBV 





is set when the corresponding alarm is detected. It 
will be cleared when the RSR is directly read, un- 
less the alarm condition persists (see Alarm 
Servicing, below). TCLK is used to clock the in- 
ternal circuitry which clears RSR after RSR is 
directly read; therefore, a 1.544 MHz signal must 
always be input to TCLK, even for a "receiver- 
only" application. The status pins which 
correspond to many of the RSR bits operate in 
real time. They go high when the error is 
detected, and return low either immediately, or as 
soon as the error condition is cleared. Alarms are 
reported synchronously with the emergence of the 
offending bits on RSER. See Figure 22, and the 
corresponding alarm description below for further 
description of status pin timing. 


Loss of Carrier 
{ (2nd or 128th “0") 


om Bipolar Violation 


is 


RCL | | 
RLOS [Resync -*: | | Resync | 


OOF —+|«— Reframed 


Loss of Carrier (RCL) 


Bipolar Violation CRC Error 


Figure 22. Receive Status Pin Timing 
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Receive Loss of Sync 
RSR.O: RLOS | 


RLOS (RSR.0) goes high when a receiver resync_ 


is in progress. When the receiver is set to auto 
resync (RCR.1 = 0), the receiver will commence 
resync when an OOF event or loss of carrier 1s 
detected. If in response to an OOF, RLOS transi- 
tions high synchronously with the output of the 
offending F-bit on RSER (see RCR.6). 


CS2180A only: If in response to an RCL, RLOS 
goes high with the 32"° consecutive zero bit. 


CS2180B only: If in response to an RCL, RLOS. 


goes high with the 128th +1 consecutive zero bit. 


The RLOS pin. will return low one bit. period 


prior to the F-bit of the second’ frame after the 


new alignment has been declared (timing signals 
will reset at the start of the new superframe). 
Refer to Receiver Synchronization, above, for 
more information. . - oo 


Receive Blue Alarm 
RSR.1: RBL 


RBL (RSR.1) will transition high when a blue 
alarm is detected, and is updated at the beginning 
of odd-numbered frames. : 


CS2180A only: A blue alarm is reported when- 
ever less than 3 zeros are detected in the channel 
data of 2 consecutive frames (F-bit positions are 
not tested). There is no status pin corresponding 
to RBL. 


CS2180B only: A blue alarm is reported when- 
ever unframed all ones occurs, as per Bellcore 
TR-TS Y-000191. The algorithm used is to simul- 
taneously check for an out-of-frame (OOF) 
condition, and check for 14 or less zeros out of 
13,895 bits. All bits, including frame bits, are 
tested. RBL goes high on a frame boundary. RBL 
goes low immediately (indicating the termination 
of the AIS condition) if OOF goes low, or if 15 or 
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more zeros are counted and the number of bit 
periods is less than or equal to. 13,895. RBL is 
reported on pin 3 of the 44-pin PLCC package. 
There is no status pin corresponding to RBL on 


the 40-pin DIP package. 


B8&ZS/COFA Detect 
RSR.2: B8ZSD 


B8&ZSD (RSR.2) is a multifunction bit. It can be 
configured either to report the detection of B8ZS 
codes, or to indicate a change of framing align- 
ment. This selection is performed through the 
setting of CCR.6 (see Common Control Register, 
above). There is no status pin corresponding to. 
RSR.2, 0 7 


If CCR.6.is clear, RSR.2 will go high every time 
a B8ZS code is detected in the incoming T1 data. 
This detector remains operational, whether or not 


B8ZS substitution has been enabled via CCR.2. 


If CCR.6 is set to a "1", RSR.2 will go high in 
response to a Change of Frame Alignment 
(COFA). A COFA is reported when the last 
receiver resync resulted in a change of frame or 
multiframe alignment. RSR.2 will go high at the 
same time the timing signals are reset after a 
resync. (See Receiver Synchronization, above.) 


Frame Bit Error 
RSR.3: FERR 


FERR (RSR.3) is set whenever a framing bit is in 


Crror. 


193S Frame Bit Errors: The framing bits for the 
193S is the Fr channel (odd F-bits). The RFER 
Status pin (pin 38) signals the same FT errors, but 
in addition, signals Fs errors as well. When sig- 
naling a frame bit error, RFER will go high 
simultaneously with the output.of the offending 
F-bit on RSER, and hold for 2 bit periods. 


193E Frame Bit Errors: The framing bits for the 
193E mode are the FPS channel (F-bits of frames 
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4, 8, 12, 16, 20, and 24). The RFER status pin 
(pin 38) signals the same FPS errors, but in addi- 
tion, signals CRC errors as well. When signaling 
a frame bit error, RFER will go high simul- 
taneously with the output of the offending F-bit 
on RSER, and hold for 2 bit periods. When sig- 
naling a CRC error, RFER will transition high 1/2 
bit before the new superframe to indicate a CRC 
error in the previous superframe. It goes high on 
the falling edge of RCLK, and is held for only 
one period, returning low on the next falling edge 
of RCLK. 


SLC Frame Bit Errors: The framing bits for the 
SLC mode is the Fr channel (odd F-bits). The 
RFER status pin (pin 38) signals the same FT er- 
rors, but in addition, signals Fs errors as well. 
The presence of DL bits in Fs bit positions will 
not be reported as frame bit errors on pin RFER, 
or in registers RSR.3 and ECR.O-3, and will not 
contribute to determining that an OOF condition 
exists. When signaling a frame bit error, RFER 
will go high simultaneously with the output of the 
offending F-bit on RSER, and hold for 2 bit 
periods. 


T1DM Frame Bit Errors: The framing bits for the 
T1DM mode are the FT and Fs bits, plus the 
channel 24 sync word. The RFER status pin (pin 
38) signals errors in the frame bits. RFER will go 
high simultaneously with the F-bit of the frame 
following the frame in which the error(s) occured, 
and will remain high for two bit periods. 


Receive Carrier Loss 
RSR.4: RCL 


CS2180A only: Carrier loss is declared when 32 
consecutive zero’s are detected at RPOS/RNEG. 
RCL (RSR.2) and the RCL pin (pin 36) transition 
high with the output of the 32"¢ zero bit on 
RSER. The RCL pin will return low as soon as 
the next "1" is received at RPOS/RNEG. 


CS2180B only: Carrier loss is declared when 
128+1 consecutive zero’s are detected at 
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RPOS/RNEG. RCL (RSR.2) and the RCL pin 
(pin 36) transition high with the output of the 
128 +1 zero bit on RSER. The RCL pin will 
return low as soon as the next "1" is received at 
RPOS/RNEG. 


Receive Yellow Alarm 
RSR.S: RYEL 


RYEL (RSR.5) transitions high when a yellow 
alarm is detected. The format of the alarm 
detected is determined by the settings of either 
CCR.3 or CCR.5, depending on the framing for- 
mat being used. The RYEL pin (pin 21) will 
return low as soon as the alarm clears, that is, 
when the next expected alarm bit no longer indi- 
cates an alarm. 


When using a bit 2 yellow alarm, in either 193S 
or 193E mode, a yellow alarm is defined as a "0" 
in bit 2 (2nd MSB) of every DSO channel. RYEL 
will signal a bit 2 yellow alarm when 256 or more 
consecutive channels are detected with a "0" in 
bit 2. The alarm will clear at the next "1" detected 
in a bit 2 position. 


When using an FDL yellow alarm in 193E mode, 
RYEL will declare a yellow alarm after 16 repeti- 
tions of "OOFF" on the FDL. The alarm will clear 
at the next bit which is out of sequence. 


When using an S-bit yellow alarm in 193S mode, 
RYEL will transition high whenever a "1" is 
detected in the F-bit of frame 12. The alarm is not 
cleared until a zero is detected in the F-bit of 
frame 12. 


In T1DM mode , a yellow alarm is detected by 
checking the channel 24 sync word. In SLC-96 
mode, the CS2180B does not recognize yellow 
alarms, rather, they are recognized by the user via 
the DL. 


3-33 





D7 EE GD GD H fl iw 


CS2180B 
CS2180A 


a ee aa ee 


Presetable. 


OOF Count 


Presetable. 





Saturates at 15 (1111). 


ESF Error Count 


Saturates at 15 (1111). 


Figure 23. Error Count Register (ECR) 


[7] (MSB) 







Counts individual Bipolar Violations. Sets RSR.7 high when overflows past 255 (11111111). 
Presetable to any starting value to limit the number of Bipolar Violations needed to overflow. 





TO] (LSB) 


Figure 24. Bipolar Violation Count Register (BVCR) 


Error Count Saturation 
RSR.6: ECS 


ECS (RSR.6) monitors the status of the Error 
Count Register (ECR), as shown in Figure 23. 
The ECR provides two, separate, 4 bit counters at 
one register address: the ESF Error Count (DO - 
D3), and the OOF Count (D4 - D7). RSR.6 will 
go high after either of these 4 bit counters be- 
comes saturated (at 15), and a new OOF or ESF 
event is detected (the 16" or greater). 


The OOF Counter (D4 - D7) records the number 
of out-of-frame events. An OOF event occurs 
when 2 out of either 4 or 5 consecutive framing 
bits are in error, as defined by RCR.6. In 193S 
mode, the FT bits are monitored for OOF events, 
while in 193E mode, the FPS bits are used. 


The ESF counter (DO - D3) records the number of 
"Errored Superframes". An ESF event in 193E 
mode is defined as an OOF event, or a CRC error. 
The ESF counter will be advanced each time 
either event is detected. In 193S mode, the ESF 
counter records individual framing bit errors. If 
RCR.3 is set, requiring Fs bits to be qualified for 
synchronization, both FT and Fs bit errors will 


sivas the ESF counter. If RCR.3 is clear, élite 
FT bits will be monitored. 


The OOF and ESF operate oe each count- 
ing up from OQ (hex) and saturating at F (hex). The 
saturation threshold can be changed for each 
counter separately, by presetting the counter to 
some value higher than 0. Because they share the 
same register address, both counters must be read 
Or written simultaneously. There is no status pin 
directly corresponding to the ECS bit, but FERR 
signals individual frame bit and CRC errors, and 
RLOS signals an OOF event. 


Bipolar Violation Count Saturation 
RSR.7:; BVCS 


Individual Bipolar Violations are recorded in an 8 
bit counter, the Bipolar Violation Count Register 
(BVCR), as show in Figure 24. The BVCR 
counts up from 0 (all "0’s") to 255 (all "1’s"). 
After reaching saturation at 255, every Bipolar 
Violation received will cause BVCS (RSR.7) to 
be set to a "1". The BVCR can be preset, to a 
value greater than 0, to lower the threshold at 
which it saturates and signals an alarm in RSR.7. 
B8ZS codes will not be counted if B8ZS format 


is enabled via CCR. 2. Note also that the Bipolar 
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/0| Disables interrupts for the corresponding bit of the RSR. 


6 5 |2 fi] 
| pvcs | ecs | RYEL | RCL | FERR | B8ZSD | RBL_ 


Enables an interrupt whenever the corresponding bit of the RSR goes high. 


TO] (LSB) 
RLOS 







Figure 25. Receive Interrupt Mask Register (RIMR) 


Violation monitoring circuit is disabled entirely 
when using NRZ input at RPOS/RNEG (selected 
by tying RPOS/RNEG together). 


Individual Bipolar Violations are also reported in 
real time on RBV (pin 37). RBV will go high 
simultaneously with the output of the accused bit 
at RSER. It will only be held for that bit period, 
falling at the next bit, unless another violation is 
detected. 


Interrupts 


When operating in host mode, an interrupt pin, 
INT (pin 14), is provided to signal the host 
processor of alarm conditions. INT is an open 
drain output, and should be tied to the positive 
supply through a resistor. The INT pin can be 
programmed to respond whenever any bit of the 
Receive Status Register (RSR) goes high by set- 
ting the corresponding bit of the Receive 
Interrupt Mask Register (RIMR). Each bit of the 
RIMR is ’AND’ed with the corresponding bit of 
the RSR to determine the interrupt. Clearing any 
bit in the RIMR will disable the interrupt for that 
alarm condition. When an interrupt has been sig- 
naled, the CS2180A and CS2180B must be 
serviced by the host processor to clear the alarm, 
as described below. Figure 25 shows an overview 
of the RIMR. 


Alarm Servicing 


The CS2180A and CS2180B must be serviced by 
the host processor to clear the interrupt. Clearing 
the appropriate bit (or bits, if more than 1 alarm 
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condition exists) in the Receive Interrupt Mask 
Register (RIMR) will clear any interrupt uncondi- 
tionally. The interrupt for that alarm will remain 
disabled until the bit in the RIMR is set again. 


Depending on the type of alarm condition, an in- 
terrupt may also be cleared without changing the 
RIMR. If the alarm is in response to a counter 
saturation (see Bipolar Violation Count Satura- 
tion and Error Count Saturation, above), then the 
counter must be reset to a value other than all 
"1’s" to clear the alarm. If the interrupt is in 
response to a real time event, then it may be 
cleared by a direct read (a burst read will have no 
effect) of the RSR. Note that reading the RSR 
will only clear the interrupt if the alarm condition 
no longer persists. For real time events of long 
duration, clearing the appropriate bits in the 
RIMR is the only way to clear the interrupt. 


HARDWARE MODE 


For stand alone applications or prototyping in 
which the device is to operate without a host 
processor, the CS2180A and CS2180B can be 
configured to run in hardware mode by tying the 
Serial Port Select pin (SPS) to ground (VSS). 
This disables the serial port and redefines pins 14 
through 18 as mode control pins. All registers are 
cleared, with the exception of the control bits 
which are mapped to the mode control pins, and 
TCR.4, which is set to "1", enabling robbed bit 
signaling. This means that, with the exception of 
robbed bit signaling, the configuration of the 
CS2180A and CS2180B in hardware mode is the 
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same as if it were in host mode with ‘all control 


bits cleared. Dynamic control of a few of the con- 
trol bits is provided by mapping them directly to 
pins 14 - 18. Operation of these pins is described 
in Hardware Mode Control Pins and Table 2, 
below. Note that the SLC-96 and TI1DM frame 
format are not supported in the hardware mode. — 


When operating in hardware mode, bit-robbed 
signaling is enabled for all channels. Signaling 
data sampled from TABCD is inserted into the 
8th bit position (LSB) of every DSO channel 
during signaling frames (every 6th frame). There 
is no facility for programming individual chan- 
nels clear, however; all channels may be made 
transparent by tying TABCD to TSER. 


When pulling 193SI (pin 14) high for external S- 
bit insertion in 193S mode, data is sampled from 
TLINK and inserted into the F-bits of even 


frames. Pin 14 has no effect when the device is in 


193E mode. When using 193E format, TLINK is 
sampled for insertion into every odd F-bit (FDL). 


CRC data is internally generated and cannot be 


externally supplied. 


The receiver will initiate a resync if 2 of the pre- 
vious 4 framing bits were in error. It will declare 
synchronization after 10 consecutive F-bits are 
qualified. When in 193E mode, CRC errors will 
be reported on RFER, but not used to qualify 







i PIN REGISTER cs | 
oe NUMBER MAPPING DESCRIPTION FUNCTION 
| TCR.2 4193S: S-bit Insertion 
oes a CCR.4 Framing Mode Select 
—- -TCR.O Transmit Yellow Alarm |. - O= Disabled 
1= Enabled 
2 . CCR.1 | B7 Zero Suppression 
ee ; O= Disabled 


synchronization. Receiver status can be 
monitored via the status outputs: RYEL, RCL, 
RBV, RFER, and RLOS (pins 21, 36, 37, 38, and 
39). There is no support for generating blue 
alarms or idle code insertion when in hardware 
mode. 


Hardware Mode Control Pins 
Framing Format 


FM (pin 15) allows selection of the framing mode 
for both transmit and receive sides. Holding pin 
15 low selects 193S framing mode. 193E framing 
may be selected by pulling pin 15 high. 


Yellow Alarm 


A yellow alarm may be generated on the transmit 
side by pulling TYEL (pin 16) high. In 1938S 
mode, bit 2 yellow alarms are supported internal- 
ly. In 193E mode, FDL yellow alarms are 
supported. These formats are also detected by the 
receiver and reported on RYEL. Blue alarms are 
not supported in hardware mode, except for the 
transmission of all "1’s" on TPOS/TNEG during 
loopback. 


If S-bit yellow alarm is desired while in 193S 
mode, it may be externally provided via S-bit in- 
sertion, enabled by pulling pin 14 high. There is, 






O= Internal 
1= External 
O= 1938S © 
1= 198E 


O= Transparent 
1= B7 Stuffing 


Table 2. Hardware Mode Control Pins 
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however, no way to generate a bit 2 yellow alarm 
while in 193E mode. Moreover, the device will 
not decode either of these formats, while in 
hardware mode. If they are required, external 
alarm detection must be provided. | 


Zero Suppression 


CS2180A only: B7 and B8ZS, pins 17 and 18, 
select the zero suppression format for both trans- 
mitter and receiver (B8ZS only). Pulling pin 17 
high enables bit 7 stuffing (B7), pulling pin 18 
high enables B8ZS. Transparent mode may be 
selected by holding both 17 and 18 low. 


CS2180B only: B7, pin 17, selects the B7 zero 
suppression format for the transmitter. Pulling pin 
17 high enables bit 7 stuffing (B7). Pulling pin 18 
high enables B8ZS on the transmitter. The 
receiver is always capable of decoding either 
B8ZS or AMI-encoded data. Transparent mode 
may be selected by holding both 17 and 18 low. 


Loopback 


Loopback is also provided in the hardware mode 
by simultaneously driving B7 and B8ZS (pins 17 
and 18) high. The previous state of pins 17 and 
18 are remembered, and the selected zero sup- 
pression mode remains effective during loopback. 
While in loopback, an unframed all "1’s" signal 
(Blue alarm) is output on TPOS/TNEG. 
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PIN DESCRIPTION 
TRANSMIT MULTIFRAME SYNC TMSYNC(/1@ 40{] VDD | POSITIVE POWER SUPPLY 
TRANSMIT FRAMESYNC ——‘~TFSYNC [12 39{] RLOS RECEIVE LOSS OF SYNC 
TRANSMIT CLOCK TCLK [/3 38[] RFER RECEIVE FRAME ERROR 


TRANSMIT CHANNEL CLOCK TCHCLK [|4 CS2180A 37(] RBV RECEIVE BIPOLAR VIOLATION 
TRANSMIT SERIAL DATA TSER [|5 36/] RCL RECEIVE CARRIER LOSS 
TRANSMIT MULTIFRAME OUT TMO [j6 and 35[] RNEG RECEIVE NEGATIVE BIPOLAR DATA 
TRANSMIT SIGNALING SELECT TSIGSEL[]7 CS2180B 34[] RPOS _ RECEIVE POSITIVE BIPOLAR DATA 
TRANSMIT SIGNALING FRAME TSIGFR [|8 33/] RST RESET 











TRANSMIT ABCD SIGNALING TABCD [|9 32[] TEST TEST MODE | 
TRANSMIT LINK DATA TLINK {}10 31{) RSIGSEL RECEIVE SIGNALING SELECT 
TRANSMIT LINK CLOCK TLCLK [/11 -30/] RSIGFR RECEIVE SIGNALING FRAME 
TRANSMIT POSITIVE BIPOLAR DATA TPOS [)12 29/] RABCD RECEIVE ABCD SIGNALING 


TRANSMIT NEGATIVE BIPOLAR DATA TNEG []13 28(] RMSYNC |. RECEIVE MULTIFRAME SYNC 
RECEIVE ALARMINTERRUPT (193SI)INT [(/14 27/1) RFSYNC RECEIVE FRAME SYNC 
SERIAL DATA IN (FM)SDI {/15 26|] RSER RECEIVE SERIAL DATA 
SERIAL DATAOUT (TYEL)SDO [|16 25/| RCKCLK RECEIVE CHANNEL CLOCK 


CHIP SELECT (B7)CS [|17 241] RCLK RECEIVE CLOCK 
SERIAL DATA CLOCK (B8ZS)SCLK [18 231] RLCLK RECEIVE LINK CLOCK 
SERIAL PORT SELECT SPs [|19 221] RLINK RECEIVE LINK DATA 


SIGNAL GROUND vss []20 21) RYEL RECEIVE YELLOW ALARM 


TMSYNC 

TFSYNV VDD 
RBL (CS2180B PLCC only) RLOS 
TCLK RFER 

TCHCLK RBV 
NC RCL - 
TSER RNEG 
TMO RPOS 
TSIGSEL RST. 
_ TSIGFR TEST 











TABCD seh-— RSIGSEL 
TLINK RSIGFR 

TLCLK —~4"3 339—~__ RABCD 

TPos —% RMSYNC 
TNEG —’ 


(193S1) INT / 
(FM) SDI aed haa RCHCLK 
(TYEL) SDO I Sue 
(B7) CS RCLK 


(B8ZS) SCLK RLCLK 
sPs — NC 
vss RLINK 


RYEL 


CS2180B 44-pin PLCC Pinout 
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Power Supply Connections 

VDD - Positive Supply, Pin 40. 
Positive digital power supply. Nominally +5.0 volts. VDD current requirements increase if RCLK 
is static, and if RST is held high. 


VSS - Signal Ground, Pin 20. 
Power supply ground. Nominally 0 volts. 


Host Mode Serial Interface 
Pins 14 - 18 are multifunctional. When in Host mode, they operate as serial interface pins. When 
in hardware mode, they are redefined as mode control pins. Their hardware mode operation is 
described separately under Hardware Mode Control Pins, below. 


SPS - Serial Port Select, Pin 19. | 
Must be tied to VDD to select host mode, allowing operation of serial port. Tying SPS to VSS 
selects hardware mode. Selecting hardware mode clears all internal registers except the common 
control register (CCR) and transmitter control register (TCR), and redefines pins 14 through 18 
as mode control pins. 


Inputs 


SDI - Serial Data In, Pin 15. 
Serial data input for addressing and writing to on-board control registers. Data is input LSB first. 
Input data is latched on the rising edge of SCLK. On the CS2180A only, the data must be valid 
during the SCLK low period to prevent momentary corruption of control registers. 


CS - Chip Select, Pin 17. = 
CS low enables serial port for read or write. When CS transitions high, all data transfers are 
terminated, port control logic is disabled, and SDO is tri-stated to allow for multiprocessor 
interface. 


SCLK - Serial Data Clock, Pin 18. 
Used to read or write the serial port. Data at SDO 1s output on the falling edge of SCLK and held 
to the next falling edge. Input data on SDI is latched on the nsing edge of SCLK. On the 
CS2180A only, data must be valid during the SCLK low period to prevent momentary corruption 
of control registers. 


Outputs 


INT - Receive Alarm Interrupt, Pin 14. 
Pulled low to flag host controller when an alarm interrupt condition occurs. The user may select 
which alarm conditions will trigger an interrupt by appropriately setting the Receive Interrupt 
Mask Register (RIMR). INT is an open drain output, and should be tied to the positive supply 
(VDD) through a resistor. : 
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SDO - Serial Data Out, Pin 16. 
When reading the serial port, data is output LSB first. Data is updated on the falling Pes of 
SCLK and held to the next falling edge. SDO goes to a high impedance state when CS is high or 
after the rising edge of SCLK corresponding to the output of the MSB (last bit output). 


Hardware Mode Control Pins — 


Pins 14 - 18 are multifunctional. When in Host mode, they operate as serial interface pins. When 
in hardware mode, they are redefined as mode control pins. Their host mode operation is 
described separately under Host Mode Serial Interface, above. SPS (pin 19) must be tied low to 
enable hardware mode. | 


193SI - 193S S-bit Insertion, Pin 14. 
In hardware mode, pin 14:is redefined as a control pin and maps directly to TCR.2. Holding pin 
14 low while in 193S framing format, configures the CS2180A and CS2180B to generate the Fs 
framing pattern internally for transmission. Pulling pin 14 high allows external insertion of 
transmitted S-bits via TLINK. 


FM - Frame Mode Select, Pin 15, 
In hardware mode, pin 15 is redefined as a control pin and maps directly to CCR.4. Holding pin 
15 low configures the CS2180A and CS2180B for 193S framing format, eon it high selects 
193E format. 


TYEL- Transmit Yellow Alarm, Pin 16, 
In hardware mode, pin 16 is redefined as a control pin and maps directly to TCR. 0. Pulling pin 16 
high enables transmission of a yellow alarm in the default format. In 193S mode yellow alarms 
default to a "0" in bit 2 (D6) of all DSO channels. In 193E mode, yellow alarms are 
encoded/decoded as a repeating pattern of OOFF (hex) on the FDL. | 


B7 - _Bit 7 Zero Suppression, Pin 17. 
In hardware mode, pin 17 is redefined as a control pin and maps directly to CCR. 1. Holding pin 
17 low disables bit 7 stuffing (B7) for transparent operation. Pulling pin 17 high enables B7 zero 
suppression. Pulling pins 17 and 18 high simultaneously puts the CS2180A and CS2180B into 
loopback operation. | | 


B8ZS - Bipolar Eight Zero Suppression, Pin 18. 
In hardware mode, pin 18 is redefined as a control pin and maps directly to CCR.2. On the 
CS2180A, pulling pin 18 high enables B8ZS zero suppression in both the transmitter and 
receiver. On the CS2180B, pulling pin 18 high enables B8ZS zero suppression in just the 
transmitter, since the CS2180B receiver is always capable of receiving either B8ZS or 
AMI-encoded data. Pulling pins 17 and 18 high simultaneously puts the CS2180A and CS2180B 
into loopback operation. 
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Transmitter 


Inputs 


TCLK - Transmit Clock, Pin 3. 
1.544 MHz primary transmitter clock. Divided down internally to provide timing signals. TPOS 
and TNEG are updated on the rising edge of TCLK. Input transmission data (TSER, TABCD, 
and TLINK) is sampled on the falling edge of TCLK. 


A 1.544 MHz signal must be input into TCLK even for those applications where the transmitter is 
not being used. TCLK is used by the circuitry which clears status registers after those registers 
have been directly read. 


TMSYNC - Transmit Multiframe Sync, Pin 1. 
A low to high transition of TMSYNC, occurring near the rising edge of TCLK, resets 
transmitter’s frame and multiframe counters, identifying bit period (at TSER) concurrent with the 
next falling edge of TCLK as the F-bit of frame 1. If tied low, TFSYNC may be used to set frame 
alignment, and the CS2180A and CS2180B will arbitrarily choose multiframe alignment. Internal 
channel, frame, and multiframe counters are output on TCHCLK, TMO, TSIGSEL, TSIGFR, and 
TLCLK. 


TFSYNC - Transmit Frame Sync, Pin 2. 
A low to high transition of TFSYNC, occurring near the rising edge of TCLK, resets transmitter’s 
frame counters, identifying bit period (at TSER) concurrent with the next falling edge of TCLK 
as the F-bit of a new frame. If tied low, TMSYNC may be used to set both frame and multiframe 
alignment. Without any sync input, the CS2180A and CS2180B will arbitrarily choose both 
frame and multiframe alignment. Internal channel, frame, and multiframe counters are output on 
TCHCLK, TMO, TSIGSEL, TSIGFR, and TLCLK. 


TSER - Transmit Serial Data, Pin 5. 
Input data (NRZ format), sampled on the falling edge of TCLK. TSER may also be used to 
provide externally supplied data for insertion into Fr, FPS, and CRC channels. Refer to Transmit 
Control Register, bits 5 and 6. Delay from TSER to TPOS/TNEG is 10 TCLK periods. 


TABCD - Transmit ABCD Signaling, Pin 9. 
When enabled, by setting bit 4 of the Transmit Control Register (TCR), data provided on TABCD 
is inserted into the 8th bit position (LSB) of every DSO channel during signaling frames. Those 
are frames 6 and 12 in 193S format, and 6, 12, 18, and 24 in 193E. Signaling on individual DSO 
channels may be suppressed by declaring those channels transparent in the Transmit Transparent 
Registers (TTR). Signaling in hardware mode is always enabled. Delay from TABCD to 
TPOS/TNEG is 10 TCLK periods. 
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TLINK - Transmit Link Data, Pin 10. | 
In 193S framing mode, setting bit 2 of the Transmission Control Register (TCR) enables data on 
TLINK to be inserted into the S-bit channel (F-bit of all even frames). In 193E mode, TLINK is 
sampled for data to be inserted into the F-bit of all odd frames for the 4 kHz facility data link 
(FDL). In the SLC-96 mode, TLINK is sampled for data to be inserted into the DL. In TIDM 
mode, TLINK is sampled for data to be inserted into the channel 24 "A" data link. Delay from 
TLINK to TPOS/TNEG is 10 TCLK periods. In hardware mode, external S-bit insertion on 
TLINK is enabled by setting pin 14 (193SI) high. 


Suis 


TPOS, TNEG - Transmit Bipolar Data Outputs, Pins 12 and 13. 
Coded data for transmission, updated on rising edge of TCLK. If TCR.7 is clear, or the CS2180A 
or CS2180B is in hardware mode, data is output in dual-unipolar format. If TCR.7 is set toa "1", 
data is output on TPOS in NRZ format, and Se is held low. Delay from input to TPOS/TNEG 
is 10 TCLK penods., 


TCHCLK - Transmit Channel Clock, Pin 4. 
192 kHz clock which identifies DSO channel boundaries. TCHCLK rises to indicate that the next 
bit input on TSER is the first bit (MSB) of the DSO channel. TCHCLK has a 50% duty cycle. 


TMO - Transmit Multiframe Out, Pin 6. 
Output of internal multiframe counter. Rising edge marks beginning of aulataiie with 50% 
duty cycle. Internal multiframe counter can be set on the rising edge of TMSYNC. In 193S mode, 
TMO is high for frames 1-6, and low for frames 7-12, allowing easy distinction of signaling 
channels A and B. In 193E mode, TMO is high for 1-12, and low for 13-24; and can be used 
together with TSIGSEL to distinguish channels A, B, C, and D. 


TSIGSEL - Transmit Signaling Select, Pin 7. 
In 193S, 193E and T1IDM modes, TSIGSEL runs at 2x TMO with a 50% duty cycle. Together 
with TMO, TSIGSEL provides a way to distinguish signaling channels A, B, C, and D in 193E 
mode. TMO is high for channels A and B. TSIGSEL is high for channels A and C (frames 1-6 and 
13-18). In SLC96 mode, TSIGSEL provides a way to distinquish when the DL bits are to input. 


TSIGFR - Transmit Signaling Frame, Pin 8. | 
TSIGFR goes high during signaling frames only, remaining low at all other times. Signaling 
frames are frames 6 and 21 in 193S, SLC96 and T1IDM modes, and 6, 12, 18, and 24 in 193E 
mode. 


TLCLK - Transmit Line Clock, Pin 11. 
In 193S, 193E and SLC96 modes, TLCLK runs at 4 kHz with a 50% duty cycle. It’s high during 
odd numbered frames, and is useful for marking Fs or FDL channel timing (input on TLINK), 
and FT, FPS, and CRC channels (input on TSER). In T1DM, TLCLK runs at 8 kHz, with a duty 
cycle of one bit period high per frame. 
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Receiver 


Inputs 


RCLK - Receive Clock, Pin 24. 
1.544 MHz primary receiver clock. Receiver data is output on the rising edge, and input on the 
falling edge of RCLK. If no signal is present on RCLK, RST should be held low to minimize 
power consumption. 


RPOS, RNEG - Receive Bipolar Data Inputs, Pin 34. 
Recovered data, sampled on falling edge of RCLK. Tie pins together to receive NRZ data and 
disable bipolar violation monitoring circuitry. Delay from RPOS/RNEG to output at RSER is 13 
RCLK periods. | 3 . 


RST - Reset, Pin 33. 
Falling edge of RST clears all internal registers and resets receiver error counters. A receiver 
resync is forced when RST returns high. This resync effects only the receiver synchronization, 
and has no effect on transmit timing, but transmit control modes are cleared. The host processor 
should restore all control modes following a reset by writing the appropriate control registers. 
NOTE: On system power-up, RST must be held low to insure initialization of all on-board 
registers. 


Outputs 


RYEL - Receive Yellow Alarm, Pin 21. 
Transitions high when a yellow alarm is detected, returns low when yellow alarm is cleared. 
When in Host mode, Yellow alarm formats for both 193S and 193E modes can be selected via 
bits 3 and 5 of the Common Control Register. When in hardware mode, the 193S mode defaults 
to bit 2 Yellow alarms, and the 193E mode defaults to FDL yellow alarms. Refer to bit 5 of the 
Receive Status Register (RYEL) for a description of alarm detection conditions. 


RCL - Receive Carrier Loss, Pin 36. 
On the CS2180A, RCL transitions high if 32 consecutive "0’s" are detected on RPOS and RNEG 
and returns low on next "1". On the CS2180B, RCL transitions high if 128+1 consecutive "0’s" 
are detected on RPOS and RNEG and returns low on the next "1". 


RBL - Receive Blue Alarm, (CS2180B PLCC only, Pin 3). 
Transitions high on a frame boundary if an unframed-all ones and an out-of-frame condition 
simultaneously occur. Returns low when either out-of-frame ends or zeros are detected. 


RBV - Receive Bipolar Violation, Pin 37. 
If a bipolar violation is detected, RBV goes high simultaneous with output of accused bit on 
RSER, low otherwise. 
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RFER - Receive Frame Error, Pin 38. 
Transitions high with the output of an errored framing bit, and is held for 2 bit periods. FT and Bs 
bits are tested in 193S and SLC modes, and FPS bits are tested in 193E. In T1DM mode, the Fs, 
FT and channel 24 sync bits are tested. Also signals CRC errors in 193E mode, by going high 1/2 
bit before the next extended eas and holding for 1 pence (from falling edge of RCLK to 
next eetalne edge). * 


RLOS - Receive Loss of Sync, Pin 39. : 
Transitions high during receiver resync, low otherwise. Transitions high when receiver begins a 
resync, and falls low one frame after new timing is declared. 


RSER - Receive Serial Data, Pin 26. 
Received data, output in NRZ format. Data on RSER is valid and stable on iis falling edges of 
RCLK. Delay from RPOS/RNEG to RSER is 13 RCLK periods. | 


RABCD - Receive ABCD Signaling, P Pin 29. 
Signaling data extracted from LSB of DSO channels during signaling frames is : valid on RABCD 
during corresponding channel output on RSER (LSB 1s available on RABCD seven bit periods 
before it appears at RSER). During non-signaling frames, RABCD continues to output LSB 
concurrently with word on RSER. After update, data on RABCD is valid and stable on the 
falling edge of RCLK. 


RLINK - Receive Link Data, Pin 22. . 2 
In 193S mode, S-bit data is output on RLINK one RCLK prior to start of corresponding even 
frame, and held for 2 frames until next update. In 193E mode, FDL data is output on RLINK one 
RCLK prior to start of corresponding odd frame, and held for 2 frames until next update. After 
update, data on RLINK is valid and stable on the falling edge of RCLK. | 


In SLC mode, all Fs and DL bits are output on RLINK using RLCLK. In T1DM mode, channel 
24 "A" link data is output on RLINK, and 1 is valid and stable on the falling edge of RFSYNC. | 


RLCLK - Receive Link Clock, Pin 23. . 
RLCLK runs at 4 kHz with a 50% duty cycle. It’s high during odd numbered frames. RCLK is 
useful for marking S-bit, DL or FDL channel timing, a on RLINK. RLCLEK 1 1S presen but 
serves no useful purpose in the T1DM mode. 


RCHCLK - Receive Channel Clock, Pin 25, _ 
192 kHz clock which identifies DSO channel boundaries output on RSER. RCHCLK i 1S useful re 
parallel to serial conversion of DSO channel data. 


RFSYNC - Receive Frame Sync, Pin 27. 
Goes high for one RCLK period concurrent with the F-bit of each new ; frame output on . RSER, 
low otherwise. In the T1LDM mode, the falling edge of RFSYNC can be used to sample the "A" 
link channel on RLINK. 
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RMSYNC - Receive Multiframe Sync, Pin 28. 
Rising edge signals the F-bit of 1st frame of multiframe, except in SLC-96 mode. RMSYNC runs 
on 50% duty cycle, high for frames 1-6 in 193S mode, distinguishing signaling channels A and B. 
In 193E mode, it’s high for frames 1-12, and can be used with RSIGSEL to distinguish channels 
A, B, C, and D. In SLC-96 mode, multiframe alignment can be determined by gating RMS YNC 
with RSIGSEL. 


RSIGFR - Receive Signaling Frame, Pin 30. 
High during signaling frames, low at all other times, including resync. Serves no purpose in 
TIDM mode. 


RSIGSEL - Receive Signaling Select, Pin 31. 
In 193E mode, RSIGSEL goes high for frames 1-6 and 13-18, identifying signaling channels A 
and C. Used together with RMSYNC, which is high for channels A and B, it allows identification 
of all 4 signaling channels. In 1938S mode, RSIGSEL goes high for frames 1-3 and 7-9. Serves no 
purpose in T1DM mode. In SLC mode, RSIGSEL goes high in those frames where Fs bits 
(frames 59 to 11) and the last spolier bit (frame 58) are present; goes low in all other frames 
(frames 12 to 57). 





Miscellaneous 


TEST - Test Mode, Pin 32. 
Tie io VSS for normal operation. Factory use only. 
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APPLICATIONS 


System Connection Diagram 


Signalling 


PCM Data 
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Typical System Connection 


Tl Frame Formats 


T1 is the basic format in the T-carrier PCM trans- 
mission system used in the United States. 
Detailed technical specifications can be found in 
ANSI T1.107-1988. 


The Tl format time-division multiplexes 24 
digitized voice (telephone) or data channels into a 
single, 1.544 Mbps data stream. This format is 
used primarily for transmission over dual twisted- 
pair cable with digital repeaters at 6000 ft. 
intervals. The T-carrier system also defines higher 
level formats for long-haul transmission via satel- 
lite or microwave relay. These higher level 
formats are constructed by multiplexing several 
T1 lines into higher and higher data rates. Figure 
Al gives an overview of the T-carrier hierarchy. 
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The T1 format provides a 64 kbps channel for 
each individual voice or data line. These PCM 
voice channels consist of 8-bit samples which are 
sampled at 8 kHz for a data rate of 64 kbps. A T1 
frame is constructed by multiplexing 24 of these 
DS-0 channels and inserting a framing bit at the 


Number of Bit Rate 
Level | voice channels | (Mbps) 
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Figure A1. T-carrier Hiearchy 


DS44F5 


-CS2180B 
CS2180A 





beginning of the series. This results in 192 bits of 
channel data, plus an F-bit, for a total of 
1.544 Mbps (193 bits/frame transmitted at 8 
kHz). See Figure A2. 


8 bits 


rT 


Channel 1 \ | 
poets : 193 bits T1 Frame = 1.544 Mbps 
——> [ens [ see Jou 2a 


—— TDM 
==> ie Sampling 


Channel 24 


Framing bit 


Figure A2. T1 Overveiw 


Multiple T1 frames are then grouped into super- 
frames of 12 or 24 frames to provide for framing 
and signaling synchronization. The older 193S or 
D4 format defines a superframe as 12 frames, 
with the F-bits carrying 2 channels of 
synchronization signals. The emerging 193E, or 
Extended Superframe Format (ESF) calls for 24 
frames in a superframe. This allows the 24 F-bits 
to be divided into 3 separate channels for fram- 
ing, CRC checks, and system messages. 


Additional variations on T1 are used for Sub- 
scriber Loop Carrier (SLC-96) and Digital Data 
Service (DDS) T1DM. 


Frame 1 (F1). Frame 12 (F12) 


Pefens[ w++ [O26] +++ [F[oHt] e+ [on2a) 


12 Frames = 193S Superframe 
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Frame 1 (F1) Frame 24 (F24) 
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Figure A3. Framing Overveiw 


193S Framing Format 


Figure A4 shows the bit uses in the 193S framing 
format. The framing bits are divided into two 
channels. The odd F-bits are designated as the FT 
(terminal framing) channel, which always carries 
a repeating pattern of "101010". This pattern al- 
lows synchronization to the frame boundaries, 
and distinguishes the even and odd frames. The 
even F-bits are designated as the Fs (signaling 
framing) channel. This channel carries a different 
synchronization code (001110) which identifies 
superframe alignment. The Fs channel can alter- 
nately be used as a message channel for system 
use, in which case there is no facility provided for 
multiframe synchronization. 


Signaling information associated with each in- 
dividual voice channel, such as 
on-hook/off-hook, call progress, dialing digits, 
etc., 18 transmitted within the voice channel itself. 
The signaling data is transmitted in the LSB of 
each channel during the 6" and 12"" frames. The 
original LSB of the channel is actually replaced 
with the signaling data, hence this is known as 
"robbed-bit" signaling. The 68 and 12" frames 
can be treated as one, 2-state channel, allowing a 
2-state signal to be updated twice every super- 
frame. The two frames can also be treated as 


Channel bits 


Signalling 
Options 
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Figure A4. 193S Framing Format 
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separate channels (A and B), yielding up to 4 
separate codes for each channel every super- 
frame. For voice grade applications, these 
signaling bits offer no noticeable degradation in 
the signal quality. When error-free data transmis- 
sion is required however, robbed bit signaling can 
be disabled (transparent mode), and some other 
signaling facility must be provided by the host 
system. eg 4 | 


_ 193E Framing Format 


The 193E or Extended Superframe Format allows 
much greater flexibility in both the use of the 
framing bits, and the number of signaling chan- 
nels provided. As shown in Figure A5, the 
framing bits are divided into 3 channels. The 
FPS, or Framing Pattern Sequence, provides a 


" Pesce oS “Signaling 
193E F-bits Channel bits | Options 
[Frame |FPS | FDL |CRC | Data [Signalling | T | 2 [4 | 16 | 

1 |_m | | 





NO] Po 
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Figure A5., 193E Framing Format | 
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synchronization signal for determining frame and 
superframe alignment. The FDL, or 4 kHz 
Facility Data Link, provides a dedicated channel 
for system messages. The CRC (Cyclic Redun- 
dancy Check) channel allows CRC check sums to 
be transmitted with each superframe to monitor 
line quality. As with the 193S format, every 6th 
frame is designated as a signaling frame. The 4 
signaling frames (6, 12, 18, and 24) can be multi- 
plexed in different configurations to provide 2, 4, 
or 16-state signaling codes. ; 


SLC-96 Framing Format 


The SLC-96 T1 format is used between the Local 
Digital Switch (LDS) and a SLC-96 Remote Ter- 
minal (RT). The framing format is a D4 
superframe format with specialized Data Link 
(DL) information bits. The DL bits consist of 
Concentrator (C), Spoiler (S), Maintenance (M), 
Alarm (A) and Protection Line Switch (PLS) bits 
as Shown in Figure A6. | 


T1DM Framing F ormat 


The T1DM T1 format is used for DDS service 
among hub and local intermediate DDS offices. 
As shown in Figure A7, the framing format is a 
D4 superframe format with a specialized channel 
24 structure. The T1DM accepts up to 23 DS-0 
signals and inserts one seven-bit byte from each 
signal into the first twenty-three 8-bit channel 
slots of the DS1 frame. The 24th channel slot 
contains a special synchronizing byte as shown in 
Figure A8. DDS equipment insures that every 
DSO channel contains at least one "1". Therefore, 
neither B8ZS nor bit-7 zero substitution should 
be selcted in the CS2180B. | 
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Figure A8. TIDM Channel 24 Format 
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Alarms 


Figure A9 shows a useful overview of ‘the alarm 
operation in a PCM link. When an intermediate 


monitoring system (or central office repeater) 
detects a loss of signal, it transmits an all "1’s". 
signal (Blue alarm, or Alarm Indication Signal). 
on the line to maintain clock recovery operation 
in the subsequent digital repeaters and the 
destination’s receiver. The same Blue alarm may — 
be used by the source transmitter if, for some 
reason, it cannot maintain normal functionality 


(such as during loopback). 


When the loss of signal is detected at the inter- | 
mediate monitor, an internal Red alarm (also 
known as a Service Alarm Indication, or Prompt: 
Maintenance Alarm) is generated. While in a Red 


alarm mode, the monitor transmits a Yellow alarm 
back to the source’s receiver, indicating a remote 


loss of alignment. This Yellow alarm informs the 
source that there’s a problem farther down the. 
line and it’s transmission is not being received at 


the destination. 


Monitor 






Receive _ Digital 
Repeater 


Figure A9, Alarm Operation 


Zero Substitution 


AS was mentioned in the T1 overview, data is 
transmitted over dual twisted-pair cable with digi- 
tal repeaters at 6000 ft. intervals. It is encoded in 
a bipolar AMI (Alternate Mark Inversion) format. 
Successive "1’s" are encoded alternately as posi- 
tive and negative voltage pulses. A zero is simply 
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ret Destination 


-an absence of pulses. This means that a long 


stream of "0’s" is indistinguishable from a dead 


line. Clock recovery circuits in the network main- 
_ tain clock synchronization by syncing to the "1’s" 

_ pulses in the transmission stream. Synchroniza- 
tion may be lost if there are too many consecutive 

~ zero’s, hence there is a general requirement that 
- there be at least 12.5 % "1’s" density in the trans- 

- mission stream. Furthermore, no more than 15 


" 


consecutive "0’s" are allowable. Various zero sub- 
Stitution schemes have been developed to meet 


- these requirements. The CS2180A and CS2180B 
supports B7 and B8ZS zero suppression formats. 


B7 Zero Substitution 


B7 zero substitution guarantees at least one "1" in 
all DSO channels. This satasfies the 12.5 % ones 


density, and guarantees that more than 15 con- 


secutive zeros will never occur. In B7 substitution 


systems, the 7 bit cand LSB) of an all zero chan- 
nel is forced toa "1". This strategy maintains 1’s. 


_ density in voice grade transmission, with negli- 


gible audible interference. The drawback with the 


_ B7 format is that it’s impossible for the receiving 
end to detect and remove the changed bits. This 
- makes B7 zero suppression unacceptable for clear 


channel transmission, in which the integrity of the 
data must be maintained. 


| -B8ZS Zero Substitution 


 B8ZS (Bipolar Eight Zero Substitution) satisfies 


the one’s density requirement without corrupting 
transmission data. Instead of operating on in- 
dividual channels, the B8ZS format looks at the 


- entire transmission stream. Any eight consecutive 


zeros are replaced with an 8 bit code. This code 
uses specific bipolar violations of the AMI format 
to distinguish it from the ordinary data. If the last 
"1" transmitted before a string of zeros was en- 
coded as a positive pulse, then the B8ZS code for 


_ the next eight bits will be 000+-0-+. Similarly, if 


the last "1" was a negative pulse, then the code 
will be 000-+0+-. In either case, bipolar viola- 
tions occur in the fourth and seventh bits. These 
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violations are decoded as a string of zeros by the 
CS2180A and CS2180B if B8ZS is enabled. The 
received B8&ZS code is replaced with eight zeros 
before any other processing is done on the incom- 
ing data. Note also that even if B8ZS is not 
enabled, the CS2180A and CS2180B monitors 
the incoming signal for B8ZS codes, and reports 
them on RSR.2 (Gif CCR.6 = 0). 


A serious provisioning problem exists in the net- 
work regarding B8ZS. It is sometimes difficult to 
selectively turn-on B8ZS on all segments of an 
end-to-end path through the network, especially 
when some equipment types, such as M13s, 
sometimes require that all four lines on a line card 
be configured the same way. It is thereby highly 
desireable that all receivers in the network be able 
to receive B8ZS independent of the provisioning 
of B8ZS on the corresponding transmitter. There- 
fore, the CS2180B has its B8ZS receiver turned 
on all of the time, and bit CCR.2 controls only the 
B8ZS encoder in the transmitter. The CS2180B 
reports B8ZS occurrences on RSR.2. B8ZS sub- 
stitutions will not increment the Bipolar Violation 
Count register. 


Digital Milliwatt Code 


The Digital Milliwatt code is the digital repre- 
sentation of a0 dBm0O, 1 kHz signal. It’s used as a 
test reference for calibrating channel bank equip- 
ment as specified in AT&T Publication 43801. 
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CS6152. 
Semiconductor Corporation 


Low Power T1 Analog Interface 


Features General Description 


@ Provides Analog T1 Line Interface The CS6152 combines the analog transmit and receive 
line interface functions for T1 system interface in one 

; device. The T1 analog interface operates from a 5 Volt 

® Low Power Consumption supply, and is transparent to the T1 framing format. 
(normally 180 mW) Crystal’s EXPERT Pulse™ circuitry shapes the transmit 
pulse internally, providing the appropriate pulse shape 














TM at the DSX-1 cross-connect for line lengths ranging 
e EXPERT Pulse “ Programmable from 0 to 655 feet. The device provides the ideal front- 
Pulse-Shaping Line Driver end to digital gate array based clock recovery circuits. 
, Applications 
© Provides Receiver AMI-to-TTL Buffer PP 


i idl ° Interfacing Network Equipment such as Multiplexors, 
Which Comp iments Digital Gate Array Channel Banks and Switching Systems to a DSX-1 


Clock-Recovery Circuits Cross Connect. 
° Interfacing Customer Premises Equipment such as 
@ Driver Performance Monitor PABX’s, T1 Multiplexors, Data PBX’s and LAN 
Gateways to a Channel Service Unit or T1 modem. 
® Minimal Extern mM ORDERING INFORMATION 
al External Components CS6152A-IP - 24 Pin Plastic, 300 mil DIP 
CS6152-IL - 28 Pin J-lead PLCC 





Block Diagram 
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yo . This document contains information for a new product. Crystal 
Preliminary Product Information Semiconductor reserves the right to modify this product without notice. 
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DC Supply se ifelerenced to GND) | RV+, TV+ a ae 





RVs +03 
°C 
WARNING: Operations at or beyond these limits may result in permanent damage to the device. 

Notes: 1. Excluding RTIP, RRING, MTIP, and MRING, which must stay within a range of -6V to RV+ + 0.3V. 

2. Transient currents of up to 100 mA will not cause SCR latch-up. Also TTIP, TRING, TV+ and TGND 


10 
~Normal operation is not guaranteed at these extremes. 
can withstand a continuous current of 100 mA. 


RECOMMENDED OPERATING CONDITIONS 






Ambient Operating Temperature “40 


Total Power Dissipation (Notes 4, 5) 
100% ones density & max: line length @ 5.25V 


Normal Power Dissipation (Notes 4, 5) 
50% ones density & 300 ft. line length @ 5.0V 






Normal Power Dissipation (Notes 5, 6) 
50% ones density & 300 ft. line length @ 5.0V 
Notes: 3. TV+ must not exceed RV+ by more than 0.3V. 
4. Power dissipation while driving 54 Q load over operating temperature range. Includes CS6152 
and load. | 
5. Digital input levels are within 10% of the supply rails and digital outputs are driving a 50 pF 
Capacitive load. 
6. Power dissipation internal to CS6152 while driving 54 Q load over operating temperature range. 


DIGITAL CHARACTERISTICS 


Parameter. 


Ta =- 40° to 85°C; V+ = 5.0V + 5%; GND = 0V 





High-Level Input Voltage | 
PINS: TCLK. TPOS, TNEG, HIGHZ, LENO/1/2, TAOS 


Low-Level Input Voltage 
PINS: TCLK, TPOS, TNEG, HIGHZ, LENO/1/2, TAOS 


High-Level Output Voltage (Note 7) 


louT= + 4MA _ PINS:R1,R2,DPM 
Low-Level Output Voltage (Note 7) V 
louT= + 4MA _ PINS:R1,R2, DPM OL 
Input Leakage Current —sis 
3-State Leakage Current ; | 
PINS: DPM, R1, R2 OZ 


Note: 7. Output drivers are high speed CMOS compatible. — 
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ANALOG SPECIFICATIONS (Ta =- 40° to 85°C; V+ = 5.0V + 5%; GND = OV) 


| Parameter =| Min’ | Typ | Max | Units 


TRANSMITTER 


MI Output Pulse Amplitudes 
Line Length Selections LEN2/1/0 = 0/0/0 
(Measured at transformer output) 
All line length settings except, LEN2/1/0 = 0/0/0 ; 0/0/1 ; 0/1/0 
(Measured at the DSX; Normalization factor for Figure 4) 


Load Presented To Transmitter Output 


Jitter Added by the 10Hz- 8kHz 


Transmitter 8kHz- 40kHz 
10Hz- 40kHz 
(Note 8) Broad Band U 


| 
Power in 2kHz band at 772kHz (Note 9) 
Difference in power in 2kHz band at 1.544MHz 09 40 
to power in 2kKHz band at 772kHz (Note 9) 
Positive to Negative Pulse Imbalance (Note 9) Fo - | 02 | 05] B 


RECEIVER 


Input Signal Squelch Level 


Data Decision Threshold 


Notes: 8. Input signal to TCLK is jitter free. 
9. Measured with a nonpolarized 0.47 uF capacitor in series with the primary of the transmit transformer. 
Not production tested. Parameters guaranteed by design and characterization. 





T1 SWITCHING CHARACTERISTICS 
(TA=- 40° to 85°C; V+ = 5.0V + 5%; GND = OV; Inputs: Logic 0 = OV, Logic 1 = RV+) 


[Parameter =| Symbol | Min | Typ | Max 

TouK Frequency | tn | = | 5A | Me 
IRTIP/ARING Rising to RV/R2 Rising wowei| tw | 20 | 45 | 150 | 8 _ 
RTIP/RRING Falling to R1/R2 Falling (Note 10) tas | 60 | 135 | 370 


Rise Time, All Digital Outputs (Note 11) 














Notes: 10. Both rising and falling delays will exhibit similiar tendencies, that is, for fast process, times will tend 
towards minimum delay times; slower process results in longer delays. 
11. At max load of 4.0 mA and 50 pF. 
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| Any Digital Output 


10% 10% 


Figure 1. - Signal Rise and Fall Characteristics 


RTIP, RRING 





Ri, R2 


Figure 2. - Receiver Switching Characteristics 


TCLK 
| su th 
TPOS/TNEG 


Figure 3. - Transmit Clock and Data Switching Characteristics 
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THEORY OF OPERATION 


Transmitter 


The transmitter takes binary (dual unipolar) data 
from a T1 terminal and produces alternate bipolar 
pulses of appropriate shape. The transmit clock 
and transmit data (TCLK, TPOS & TNEG) are 
supplied synchronously. Data is sampled on the 
falling edge of the input clock. | 


Line lengths from 0 to 655 feet (as measured 
from the CS6152 to the DSX-1 cross connect) are 
selectable. Pulse shaping and signal level are 
determined by "line length select" inputs and re- 
quire no external circuitry. Pulse shaping is 
accomplished with a slew rate controlled fast 
digital to analog converter. Alternate mark inver- 
sion operation is implemented by driving the line 
in a true differential manner. In order to achieve 
the necessary line voltages, which exceed the 5 
volt supply, a 1:1.36, step-up transformer is re- 
quired. The line driver is designed to drive a 54 Q 
equivalent load. 


When any transmit control pin (TAOS or 
LENO/1/2) is toggled, the transmitter stabilizes 
within 22 bit periods. The transmitter options are: 
HIGHZ which places TTIP, TRING, R1, and R2 
in a high impedance state, and TAOS which 
transmits an AMI-encoded all ones on 
TTIP/TRING. 


Transmit Line Length Selection 


The transmitter has a 13-phase delay line which 
divides each TCLK cycle into 13 phases. These 
phases are then used to trigger different portions 
of the output waveform. For T1 applications, the 
line length selection offers a five partition arran- 
gement for ABAM cable as shown in Table 1. For 
each line length selected, the CS6152 modifies 
the output pulse to meet the requirements of 
Compatibility Bulletin 119. The exact pulse shape 
achieved at the DSX-1 can be effected by details 
of the board layout, transformer selection, and 
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LINE LENGTH SELECTED 
0 (FEET) APPLICATION 
0-133 DSx-1 
ABAM 
(AT&T 6008 
[898533 |r 600C) 
on al 
Part 68, Option A 3 

sake 





Table 1 - Line Length Selection 


other factors. For cable types other than ABAM, 
it is recommended that the line length settings be 
evaluated. It is possible that an alternative inter- 
pretation of the LEN2/1/0 distance ranges is more 
appropriate. A typical output pulse is shown in 
Figure 4. 


The T1 CSU pulse shapes meet FCC Part 68 for 
OdB line build out and future ECSA T1C1.2 pulse 
shapes as shown in Table 1. 


NORMALIZED 
AMPLITUDE 







- 4.0 amps eetest sabes 
(= | AT&T CB119 


| SPECIFICATION 
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Figure 4 - Typical Pulse Shape at DSX-1 Cross Connect 
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Driver Performance Monitor 


To aid in early detection and easy isolation of 
nonfunctioning links, the CS6152 is able to 
monitor transmit drive performance and report 
when the driver is no longer operational. This fea- 
ture can be used to monitor either the device’s 
performance or the performance of a neighboring 
_ driver. The driver performance monitor indicator 
is normally at a low (zero) logic level, and goes 
to high level upon detecting driver failure. 


The driver performance monitor consists of a 
receiver that monitors the transmitted signal on 
input pins, MTIP and MRING. If no signal is 
present on MTIP and MRING for between 31 to 
63 TCLK cycles, the DPM pin goes high. If 
TCLK stops, DPM can not change state. _ 


To provide immunity from spurious DPM reports, 
the following application procedure is recom- 
mended: If the controller on the T1 line card 
detects that DPM has gone high, the controller 
should reconfirm that DPM is still high before 
taking actions to respond to the driver failure. The 
intent of the reconfirmation is to screen out 


events where DPM goes high for a few bit 


periods, erroneously indicating a driver problem. 
This situation can only occur when ones density 
is very low. 


Whenever more than one CS6152 reside on the 
same circuit board, the effectiveness of the driver 
performance monitor can be maximized by 
having each CS6152 monitor performance of a 
neighboring CS6152 device, rather than having it 
monitor its own performance. | 


Receiver 


The receiver converts AMI (Alternate Mark In- 
version) coded signals to binary (dual unipolar) 
data. The receiver is sensitive to signals over the 
entire range of cable lengths and requires no 
equalization. The signal is received on both ends 
of a center-tapped, center-grounded transformer. 
The two leads of the transformer (RTIP and 
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RRING) have opposite polarity allowing the 
receiver to treat RTIP and RRING as unipolar sig- 
nals. Comparators detect pulses on RTIP and 
RRING. Comparator thresholds are dynamically 
established by peak detectors to be 70% of the 
peak signal level. The comparator outputs are 
output on R1 and R2 respectively. A positive 
pulse on RTIP results in a positive pulse on R1. A 
positive pulse on RRING results in a positive 
pulse on R2. The pulses are typically stretched 
90 ns before being output on R1 and R2. 


Squelch control in the receiver will force R1 and 
R2 low if the inputs on RTIP and RRING are 
below the squelch level of 0.5 volts. 


Power On Reset 


Upon power-up, the CS6152 is held in a static 
state until the supply crosses a threshold of ap- 
proximately 3 volts. When this happens, the 
device will delay for about 10 ms to allow the 
power supply to reach operating voltage. After 
this delay, calibration of the delay line used in the 
transmit section commences. The delay line can 


_ be calibrated only if the transmit clock is present. 


The initial calibration should take less than 20 ms 
after TCLK is applied. | : 3 


In operation, the delay line is continuously 
calibrated, making the performance of the device 
independent of power supply or temperature 
variations, and eliminating the need to reset a 
CS6152 when in operation. 


Power Supply 


The device operates from a single 5 volt supply. 
Separate pins for transmit and receive supplies 
provide internal isolation. However these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. 
TV+ must not exceed RV+ by more than 0.3V. 
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Decoupling and filtering of the power supplies is 
crucial for proper operation of the analog circuits 
in the transmit and receive paths. The best way to 
configure the power supplies is to tie TV+ to RV+ 
at the chip. A 11F capacitor should be connected 
between TV+ and TGND, and a 0.1uF capacitor 
should be connected between RV+ and RGND. 
Use mylar or ceramic capacitors and place them 
as close as possible to their respective power 
supply pins. A 68 uF tantalum capacitor should 
be added close to the RV+/RGND supply. If TV+ 
and RV+ are supplied by different traces, 68 UF 
capacitors should be used on both supplies. Wire 
wrap bread-boarding of the CS6152 is not recom- 
mended because lead resistance and inductance 
serve to defeat the function of the decoupling 
capacitors. 
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~ PIN DESCRIPTIONS 


TRANSMIT CLOCK 
TRANSMIT POSITIVE PULSE 
TRANSMIT NEGATIVE PULSE 
FACTORY TEST1 

RECEIVED SIGNAL 2 
RECEIVED SIGNAL 1 
FACTORY TEST2 

HIGH IMPEDANCE 


DRIVER PERFORMANCE MONITOR | 


FACTORY TEST3 
TRANSMIT TIP 
TRANSMIT GROUND 


TCLK 
TPOS 
TNEG 
TEST1 
R2 

R1 


TEST2 


HIGHZ 
DPM 
TESTS 
TTIP 
TGND 





TAOS 


~LEN2 
-LEN1 


LENO 
RGND 
RV+ 


rf) RRING 


RTIP 


_MRING 


MTIP. 
TRING 
TV+ 








TRANSMIT ALL ONES SELECT 


BIT2OF LINE LENGTH SELECT — 


BIT 1 OF-LINE LENGTH SELECT 
BIT 0 OF LINE LENGTH SELECT 
RECEIVE GROUND | 
RECEIVE V+ (+5VDC) 
RECEIVE RING 


RECEIVE TIP 


MONITORED RING 
MONITORED TIP 
TRANSMIT RING 
TRANSMIT V+ (+5VDC) 
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Power Supplies 


TV+ - Positive Power Supply, Transmit Drivers. 
Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by 
more than 0.3V. 


TGND - Ground, Transmit Drivers. 
Power supply ground for the transmit drivers; typically 0 volts. 


RV+ - Positive Power Supply. 
Positive power supply for the device, except transmit drivers; typically +5 volts. 


RGND - Ground. 
Power supply ground for the device, except transmit drivers; typically O volts. 


Control 


HIGHZ - High Impedance. 
Setting HIGHZ to a logic 1 causes TTIP, TRING, DPM, R1, and R2 to enter a high impedance 
state. This pin is internally pulled down, so the device will be in normal operating mode if this 
pin is left floating. 


TAOS - Transmit All Ones Select. 
Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency neieaained 
by TCLK. 


LENO, LEN1, LEN2 - Line Length Selection. 
Determines the shape and amplitude of the transmitted pulse to accommodate several cable types 
and lengths. See Table 1 for information on line length selection. , 


TEST1, TEST2, TEST3 - Factory Test1, 2, 3. 
Reserved for factory testing, TEST1 must be tied low for normal operation. TEST2 and TEST3 
should be left floating. 


Inputs 


TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data. 
Inputs for clock and data to be transmitted. The signal is driven on to the line through TTIP and 
TRING. TPOS and TNEG are sampled on the falling edge of TCLK. A TPOS input causes a 
positive pulse to be transmitted, while a TNEG input causes a negative pulse to be transmitted. If 
the clock signal is removed from TCLK, then TPOS and TNEG should both be logic low during 
last falling edge of TCLK. 
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RTIP, RRING - Receive Tip, Receive Ring. 
The AMI receive signal is input to these pins. A center-tapped, center-grounded, 1:2, step-up 
transformer is required on these inputs, as shown in Figure A] in the Applications section. Data is 
buffered and output on R1 and R2. - 


MTIP, MRING - Monitored Tip, Monitored Ring. 
These pins are normally connected to TTIP and TRING and monitor the output of a CS6152. If 
the monitors are not used, tying MTIP low and MRING high through a resistor will reduce power 
consumption slightly. 


Status 


DPM - Driver Performance Monitor. 
If no signal is present on MTIP and MRING for between 31 to 63 clock.cycles, DPM goes to a 
logic 1 until the first detected signal. If TCLK is static, DPM cannot change state. 


Outputs 

TTIP, eg ahd Transmit Tip, Transmit Ring. | : 

. ~The AMI signal is driven to the line through these pins. . This output is desipacd to drive a 54Q 
load. A 1.36:1 step-up transformer is required as shown in Figure A1. 

R1, R2 - Received Signal 1, Received Signal 2. 
RTIP and RRING inputs are buffered and stretched before being output digitally on R1 and R2 
respectively. 


Miscellaneous 


NC - No Connection (PLCC package only) Pins, 1, 8, 26, 27. 
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APPLICATIONS 


Line Interface 






T1 LINE 
RECEIVE 
T1 LINE 
TRANSMIT 


1:1.36 


Figure A1. - Typical Configuration Showing 
Line Interface 


Figure Al shows the typical configuration for in- 
terfacing the CS6152 to a T1 line through trans- 
mit and receive transformers. The receiver trans- 
former is center tapped and center grounded with 
200 © resistors between the center tap and each 
leg on the CS6152 side. These resistors provide 
the 100 © termination for the T1 line. 


To save on power consumption under normal 
operating conditions, the line driver outputs, TTIP 
and TRING, are forced into a high impedance 
state during the transmission of a space (zero) on 
to the line. Just prior to transmitting a mark (one), 
the driver outputs are enabled. The transformer 
interacting with the driver can cause a slight volt- 
age difference (< 200 mV) between the driven 
zero and the non-driven zero. We recommend that 
this effect be eliminated by inserting a 0.47 uF 
non-polarized capacitor in series with the primary 
of the transformer. 


DS29PP5 


Transformers 


Transformers listed below have been found to be 
suitable for use with the CS6152. Receive trans- 
former specifications are not as critical. 


Manufacturer Part# 
Transmit + Receive 

Pulse Engineering PE-64952 
Schott 68114920 
Transmitter 

Schott 67112020 
Midcom 671-5961 
Pulse Engineering PE-64937 
Receiver 

Pulse Engineering PE-64931 
Schott 67115100 
Midcom 671-5832 
Bell Fuse 0553-5006-IC 


Nova Magnetics 6500-07-0001 

A 1:1.36 turns ratio transformer is required for 
the transmit side. The receiver side transformer is 
normally 1:2 turns ratio. However, the receiver 
side transformer can be 1:1.36 if it is necessary to 
have only 1 type of transformer, at the expense of 
a few dB of receive sensitivity. The input squelch 
level of the CS6152 is set at 0.5 V, with a 
1:2 transformer. Using a 1:1.36 transformer will 
lower the effective squelch level. 
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Semiconductor Corporation 
PCM Line Interface 
Features General Description 
© Provides Analog PCM Line Interface for The CS61534 combines the analog transmit and 
ao receive line interface functions for a PCM system inter- 
T1 and 2.048 MHz Applications face in one 28 pin device. The PCM line interface 


operates from a single 5 Volt supply, is transparent to 
. : the PCM framing format, and can work with ABAM and 

e Programmable Pulse-Shaping Line other cable types. 
Driver Crystal’s SMART Analog™ circuitry shapes the transmit 
pulse internally, providing the appropriate pulse shape 
«a at the DSX-1 cross-connect for line lengths ranging 
e Performs Data and Timing Recovery from 0 to 655 feet in T1 applications. Maximum range is 
greater than 450 meters. The transmitter users an elas- 
® Transparent to AMI P olarity ie paral jitter from the outgoing data prior to 


® Diagnostic and Performance Monitoring | Applications 


Features ° Interfacing Network Equipment to a DSX-1 Cross 
Connect 


* Interfacing Customer Premises Equi ment such as 
Selectable Hardware or Host Processor PABX’s, a4 Multiplexers, Data eee and LAN 


Modes Gateways to a channel Service Unit or T1 Modem. 


ORDERING INFORMATION 
CS61534-IP - 28 Pin Plastic DIP (T1 only) 
Jitter Attenuator CS61534-IP1 - 28 Pin Plastic DIP (T1 & CEPT) 
CS61534-IL - 28PinJ-leadPLCC —(T1 only) 
CS61534-IL1 - 28 Pin J-leadPLCC = (T1 & CEPT) 


fe CS61534-ID - 28 Pin CERDIP T1 onl 
@ 3 Micron CMOS for High Reliability CS61534-ID1 - 28 Pin CERDIP iT 2 CLP) 





Block Diagram 


(CLKE) (INT) (SDI) (SDO) | | 
ACLK XTALIN XTALOUT MODE TAOS LENOLEN1LEN2 TGND TV+ 








1f r9 710 5 [28 723 724 725 $14 315 
2 LINE 13 
TCLK .« > TTIP 
pina edi ATTENUATOR PULSE [DRIVER . vee 
4 < > TRING 
TNEG 
“yea rr RECEIVER — 19, RTP 
RCLK 8 BACK ATA & | 
7 a ee SECON Ey . ci RRING 
sae Sava, 
RNEG<¢ 27s $26 MONITOR 
LLOOP RLOOP 
(SCLK) (CS) 12} $s 21s 
LOS CEH RV+ RGND 
Crystal Semiconductor Corporation ‘ APR ’90 
P. O. Box 17847, Austin, Texas, 78760 . | DS16F3 
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ABSOLUTE MAXIMUM RATINGS 















bE ee 2 he eae NE - RV++0.3 | 
Input Curent Any Bin ——_—_WWate2) [Tin 
— 1500 ae 






Storage Temperature T stg 
WARNING: Operations at or beyond these limits may result in permanent damage to the device. 
| ’ Normal operation is not guaranteed at these extremes. 
Notes: 1. Excluding RTIP, RRING. 
2. Transient currents of up to 100 mA will not cause SCR latch-up. 


RECOMMENDED OPERATING CONDITIONS 


[——=éParameter——SSSS*S=«SSymbol—]_-Min | ‘Typ | Max | Units 


Ambient Operating Temperature 

Industrial Temperature Range = $|  ~ T,= -40 25 — 8S 
Total Power Dissipation _ : Note 4) 
(BBeonssdensiy emax.tnelengh@ssev | Po | | - | 760 | mw 
Notes: 3. TV+ must not exceed RV+ by more than 0.3V. 


4. Power dissipation while driving 25 Q load over operating temperature range. Includes CS61534 
and load. 7. 













DIGITAL CHARACTERISTICS 


Parameter 


High-Level Input Voltage (Notes 5, 6) Vv 
Pins 1-5, 23-28 IH 
Low-Level Input Voltage = ~—_—«s (Notes 5, 6) V 
Pins 1-5, 23-28 | iL 
High-Level Output Voltage ——_ (Notes 5, 6) Vo ee ; 
lour=-40 UA _—PPins 6-8, 11, 12, 23, 25 ab a or 


Low-Level Output Voltage (Notes 5, 6) 
lour=1.6mA Pins 6-8, 11, 12, 23, 25 


Input Leakage Current - | ia, 
High Impedance Leakage Current | 


Pin 25 (Note 5) 


Notes: 5. Functionality of pins 23 and 25 depends on the mode. See Host/Hardware mode description. 
6. Output drivers will output CMOS logic levels into a CMOS load. a 








Ta = Tmin to Tmax: V+ = 5.0V+5%: GND = OV 
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ANALOG SPECIFICATIONS (Ta = Tminto Tmax; V+ = 5.0V +5%; GND = OV) 


Parameter Typ 





Receiver Sensitivity Below DSX-1 


ak 
ro) 









Jitter Attenuation Curve 


N 


oO 
>) 






Corner Frequency (Note 7) 
Receiver Jitter Tolerance (Note 8) 
vseanie: SS 
zomeine: Se ea 
Input Jitter Tolerance - Transmitter a a 





Loss of Signal Threshold 


he 
ro) 


NO 


Oo 
o> [ee 


Transmitter Output Load (Note 9) ohms 


AMI Output Pulse Amplitudes 
Line Length Selection LEN2/1/0 = 0/0/0 








(Measured at xfmr output; 0/0/0 see Figure 7) ar 

All Line Length settings except, LEN2/1/0 = 0/0/0 4 

(Measured at the DSX; Normalization factor for Figure 6) 

Power in 2kHz band about 772kHz (Note 10) 12.6 17.9 





Power in 2kHz band about 1.544 MHz (Note 10) 
(referenced to power at 772kHz) 






Positive to Negative Pulse Imbalance (Note 10) 


i<e) 

t 
oo; $i =| 2 w 
ND Ar og  o 





Notes: 7. Crystal pull range: + 200 ppm. Five unit intervals of input jitter. 

8. For CERDIP ICs, assumes IC is operated within -70 ° to +70 °C of reset temperature. For plastic ICs, 
assumes IC is operated within -25 ° to +40 °C of reset temperature (meets Bellcore central office 
specification: TR-EOP-000063 NEBS). For all packages, assumes IC is operated within 0.1V of reset 
V+. Input data pattern is quasi-random. For 1.544 MHz: (2T20)-1 with 1-in-15. For 2.048 MHz: 
(2T15)-1 as defined in CCITT 0.151. For frequencies not specified above, the jitter tolerance will be 
better than the AT&T 43802 line or the CCITT G.823 line shown in Figure 10. 

9. Transmitter is a low impedance voltage source. Transmitter performance is typical with a 25Q load for 
T1 applications, which is determined by the 2:1 turns ratio of transformer and 100 Q line impedance. 

10. Typical performance with 0.47 uF capacitor in series with primary of transmitter output transformer. 
Not production tested. Parameters guaranteed by design and characterization. 
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T1 SWITCHING CHARACTERISTICS (Ta = Tinto Tmax; V+ = 5.0V+5%; GND = OV; 
Inputs: Logic 0 = OV, Logic 1=RV+) . od 















[Parameter SSS*[Symbol [| Min =| Typ | Max | Units 
etal Frequency —=~S~N TH] te | —*dt76000| «|e 
TUK Frequency —SSS—~S~S~=~CS eS 


MHz .; 
1544 || MHz 
(canines ee” 5s RE Ee a 
Note 13) | tow _ 324 

Buy oye ——S~S~SN tw | dT 
Fike Tine, Digi Oupuis (Wate 15) | | | 100 
eae 


aes 
ae ee ee 
ae ee 
RPOS/RNEG to RCLK Rising Setup Time | tu |= | ara 
ee ae ee 
a 2 aa 






RCLK Rising to RPOS/RNEG Hold Time 
Reset Pulse Duration — | . 


Notes: 11. Crystal must meet specifications described in CXT61 76 data sheet. 
12. ACLK provided by an external source. | 
13. The sum of the pulse widths must always meet the frequency specifications. 
14. Duty cycle is (towh/ (town + tow) ) * 100%. FS 
15. At max load of 1.6 mA and 50 pF. 


CCITT SWITCHING CHARACTERISTICS (Ta = Tmin to Tmax; V+ = 5.0V + 5%; GND = OV: 
Inputs: Logic 0 = OV, Logic 1 = RV+) 7 le 


Symbol 
Crystal Frequency (Note 16) ae 
TCLK Frequency | 
ACLK Frequency | (Note 17) 
t. 
( ) 












| | Min 
oe 

RCLK Pulse Width a pw 
Pekrvewer weet] tm | 
Duty Cycle ie es Coe ed 
Rise Time, All Digital Outputs Le ae 
ae 
Ree Dee 
| 50 
ID dal 
aaa 
| 02 







) 
) 
) 
| . ) 
TPOS/TNEG to TCLK Faling SeupTime | tw 
TCLK Falling to TPOS/TNEG Hold Time Pte | 

aoe 


RPOS/RNEG to RCLK Rising Setup Time. 


RCLK Rising to RPOS/RNEG Hold Time — 
Reset Pulse Duration aa 


Notes: 16. Crystal must meet specifications described in CXT8192 data sheet. 
17. ACLK provided by an external source. 
18. The sum of the pulse widths must always meet the frequency specifications. 
19. Duty cycle is (tpwh/ (tpwn + tpwi))* 100%. 
20. At max load of 1.6 mA and 50 pF. 






in 
Fall Time, All Digital Outputs 
h 
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SWITCHING CHARACTERISTICS - HOST MODE (Ta= Tmin to Tmax; V+ = 5.0V + 5%; 
Inputs: Logic 0 = OV, Logic 1 = RV+) 





Note: 21. Output load capacitance = 50 pF. 


towh 


SCLK 


SDI 








CONTROL BYTE DATA BYTE | 


Figure 1. - Serial Port Write Timing Diagram 
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Figure 2. - Serial Port Read Timing Diagram 
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_ Figure 3. - Signal Rise and Fall Characteristics 
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Figure 4. - Recovered Clock and Data Switching Characteristics 
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Figure 5. - Transmit Clock and Data Switching Characteristics 
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THEORY OF OPERATION 


Transmitter 


The transmitter takes binary (unipolar) data from 
a PCM transceiver and produces alternate bipolar 
pulses of appropriate shape. The transmit clock 
and transmit data (TCLK, TPOS & TNEG) are 
supplied synchronously. Data is sampled on the 
falling edge of the input clock. 


The CCITT pulse shape and T1 pulse shapes for 
line lengths from 0 to 655 feet (as measured from 
the CS61534 to the DSX-1 cross connect) are 
selectable. Pulse shaping and signal level are 
determined by "line length select" inputs and re- 
quire no external circuitry. Pulse shaping is 
accomplished with a slew rate controlled fast 
digital to analog converter. Alternate mark inver- 
sion operation is implemented by driving the line 
in a true differential manner. In order to achieve 
the necessary line voltages, which exceed the 5 
volt supply, a two-to-one, step-up transformer is 
required. The line driver is a low-impedance volt- 
age source designed to drive a 25 © equivalent 
load. 


To place the device in a low power dissipation 
mode (1.e., to disable the drive), TPOS and TNEG 
should be held low while TCLK continues to be 
input. When any transmit control pin (TAOS, 
LENO-2, LLOOP, or RLOOP) is toggled, the 
transmitter stabilizes within 16 bit periods. 
















| om EEE [omer 
LEN2 | LEN1 | LENO (FEET) CABLE TYPE 
CS 
a 
a CS 
ec 
ssl 
i a 


| 2.048 MHz 
G.703 CCITT 


Table 1. Line Length Selection 
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Transmit Line Length Selection 


For T1 applications, the line length selection sup- 
ports both a three partition arrangement for ICOT 
and MAT cable, and a five partition arrangement 
for ABAM cable as shown in Table 1. For each 
line length selected, the CS61534 modifies the 
output pulse to meet the requirements of Com- 
patibility Bulletin 119 and TR-TSY-000009. A 
typical output pulse is shown in Figure 6. 


NORMALIZED 
AMPLITUDE 






Follett Tae 


a \ AT&T CB119 
i\ {| SPECIFICATION 
{ 


0.5 


a aaa A (rr: OV) i en eran 
Bo nqwomomone 
omen’ mes 
eee eernm 


ee me em amen ememewewmamemamamomsan, 


eee 
a 
Po 





CS61534 
OUTPUT 
PULSE SHAPE 


-0.5 


0 250 500 750 1000 
TIME (nanoseconds) 


Figure 6. Typical Pulse Shape at DSX-1 Cross Connect 


The remaining line length selection is for CCITT 
options. Transformer and resistor values depend 
on whether the coax or shielded cable is used, as 
shown in the Applications section at the back of 
this data sheet. The CCITT pulse shape meets the 
template shown in Figure 7, and the requirements 
of Table 2 for the given load conditions. 


Transmit Jitter Attenuator — 


The CS61534 will tolerate and attenuate at least 
seven unit intervals of jitter (peak-to-peak) from a 
signal. Figure 8 shows a family of curves which 
show the jitter attenuation achieved by the 
CS61534 at T1 data rates. Each curve shows the 
jitter attenuation for a signal with constant jitter 
amplitude over a range of jitter frequencies. The: 
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Nominal peak voltage of a mark (pulse) | 






Nominal pulse width. | 










For coaxial cable, 
75 ohm load 

and transformer 
specified in Table A2. 


Peak voltage of a space (no pulse) Lo —6hOt 0.237 V | 0+0.3V — 


| 0.95 to 1.05 7 | 
| 0.95 to 1.05 2 








Ratio of the amplitudes of positive and negative 
pulses at the center of the pulse interval 

Ratio of the widths of positive and negative pulses 
at the nominal half amplitude 







For shielded twisted pair, 
120 ohm load 

and transformer 
specified in Table A2. 







Table 2. CCITT G.703 Pulse Specifications 


Percent of 
nominal _ 
peak 
voltage 








Figure 7. Mask of the Pulse at the 2048 kbps Interface 


more jitter a signal has, the more the jitter is at- 
tenuated. The jitter attenuator on the transmitter 
side meets the jitter attenuation and input 
tolerance specifications of AT&T Publication 
43802, as shown in Figures 9 and 10. 


The external reference crystal used by the jitter 
attenuator should have a nominal frequency of 
6.176 MHz, (8.192 MHz for PCM-30 rates), and 
have a pull range, in the oscillator circuit, that is 


JITTER 
GAIN 
(dB) 
0 
UNIT INTERVALS 
OF INPUT JITTER 


Measurements made at 1.544 MHz 


oo ; with 6.176 MHz + 200 ppm crystal. 


10 100 1k 10k (Hz) 


Figure 8. Jitter Attenuation Curves 


JITTER 
GAIN 
(dB) 








BELL SYSTEM 
— \ PUB 43802 
30 dBy * SPECIFICATION 





ecade 
\ J 
-20 CS61534 \ of five 
\ Input of five 
PERFORMANCE \\ unit intervals 
nas A of jitter at all 
frequencies. 
oI 
-40 





10 100 1k 10k 
JITTER FREQUENCY(H2) | 


Figure 9. Jitter Attenuation Characteristics 
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UNIT 
INTERVALS ‘nS CS61534 
TRANSMITTER 


PERFORMANCE 7777777 






PEAK- 
TO-PEAK 3 
(SINUSOIDAL) 


JITTER: oo Siete Boece) erat — \, RECEIVER 
AMPLITUDE 1} coi prireecessssecceceeeee ys Ng--e= BERFORMANCE “1! 
IN UNIT Se 






G.823 AT&T 
0.4|- SPECIFICATION 43802 


INTERVALS Noel 


oe cn ee am wt ee ee 


ee meme mem emt m cen 


JITTER FREQUENCY (Hz) 


Figure 10. Typical Input Jitter Tolerance 


sufficient to meet the frequency tolerance require- 
ments specified for the system. Furthermore, the 
frequency tolerance must be met over all operat- 
ing temperatures. The jitter attenuator can be 
disabled by driving XTALIN with a clock which 
is exactly four times the TCLK frequency. 
Remote loopback should not be used if the jitter 
attenuator is disabled. 


Transmit All Ones Select 


The transmitter provides for all ones insertion at 
the frequency of the alternate clock input, ACLK. 
The transmit clock can be used as the alternate 
clock by connecting pins 1 and 2 together. Trans- 
mit all ones is selected when TAOS goes high, 
and causes continuous ones to be transmitted on 
the line (TTIP and TRING) using the alternate 
clock, ACLK. In this mode, the TPOS, TNEG 
and TCLK inputs are ignored. If Remote Loop- 
back is in effect, any TAOS request will be 
ignored. 


Receiver 


The receiver extracts data and clock from an AMI 
(Alternate Mark Inversion) coded signal and out- 
puts clock and synchronized data. The receiver is 
sensitive to signals over the entire range of 
DSX-1/PCM-30 cable lengths and requires no 
equalization. The signal is received on both ends 
of a center-tapped, center-grounded transformer. 
The transformer is center tapped on the CS61534 
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side. The clock and data recovery circuit meets or 
exceeds the jitter tolerance specifications of 
Publication 43802 and CCITT G. 823, (see 
Figure 10). 


The two leads of the transformer (RTIP and 
RRING) have opposite polarity allowing the 
receiver to treat RTIP and RRING as unipolar sig- 
nals. Comparators are used to detect pulses on 
RTIP and RRING. The comparator thresholds are 
dynamically established by peak detectors. 


Clock recovery is achieved through a frequency 
and phase lock loop (FPLL). Upon power up and 
reset of the CS61534, and prior to the start of 
clock acquisition, the FPLL has its center fre- 
quency trained. A current controlled oscillator 
(ICO) is trained relative to the crystal oscillator 
frequency reference. The current is adjusted until 
the ICO is near the reference frequency. This cur- 
rent is then held constant. The FPLL is controlled, 
small signal, by the output of the phase detector 
and loop filter, which takes the form of a current. 
This is added to the fixed current to modulate the 
ICO about the center frequency and close the 
loop. The FPLL is insensitive to variations in 
temperature and slight variations in power supply 
voltage as shown in the Analog Specifications 
table, but fairly large changes in power supply 
voltage will change the control current in the 
FPLL, reducing its effectiveness. Resetting the 
CS61534 will optimize receiver performance for 
the operating power supply and temperature. 


In the hardware mode, data at RPOS and RNEG 
is stable and may be sampled on the rising edge 
of the recovered clock. In the host mode, CLKE 
determines the clock polarity for which output 
data is stable and valid as shown in Table 3. 


Loss of Signal 


The receiver reports loss of the received signal on 
the Loss of Signal pin, LOS. The threshold for 
loss of signal is 0.5 volts. A loss of signal will be 
indicated within 200 bit periods if an active signal 
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MODE DATA 
(pin 5) : 





CLKE CLOCK = {Clock Edge for 
(pin 28) - Valid Data 
X - . 








































RPOS | RCLK Rising 

RNEG | RCLK Rising | 
RPOS | RCLK Rising 

RNEG | RCLK Rising 

SDO SCLK Falling - 
RPOS | RCLK Falling 

RNEG | RCLK Falling 

SDO- SCLK 





- | Rising 
X= Don’t care 


Table 3. Data Output / Clock Relationship 


falls below the threshold. In the event that the 
input signal drops to zero volts, the loss of signal 
will be indicated within 31 bit periods. When a 
loss of signal is detected, RPOS and RNEG are 
not valid, but the receiver will continue to try to 
recover data. LOS will return to a low state when 
a valid signal returns to RTIP and RRING. RCLK 
is always output but may drift up to 6% from the 
nominal frequency. Note that in the host mode, 
LOS is simultaneously available from pin 12 and 
the register. | 


Local Loopback 


The local loopback mode bypasses the receive 
circuit and routes the digital transmit clock and 
data to the receive clock and data pins. A local 
loopback occurs in response to LLOOP going 
high. The transmit data and clock signals (TPOS, 
TNEG and TCLK) are sent out on the line 
through TTIP and TRING unless transmit all 
ones, TAOS, is selected, in which case AMI- 
coded continuous ones are transmitted on the line 
at the rate determined by ACLK. 


Remote Loopback 


In remote loopback, the recovered clock and data 
input on RTIP and RRING are sent through the 
elastic store to remove jitter, and back out on the 
line via TTIP and TRING. Selecting remote loop- 
back overrides any TAOS request (see Table 4). 
The recovered incoming signals are also sent to 
RCLK, RPOS.and RNEG. A remote loopback oc- 
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curs in response to RLOOP going high. Simul- 
taneous selection of local and remote loopback 
modes is not valid (see Reset). Bipolar violations 
are passed unchanged through the CS61534 
during remote loopback. 


Driver Performance Monitor 


To aid in early detection and easy isolation of 
nonfunctioning links, the CS61534 is able to 
monitor transmit drive performance and report 
when the driver is no longer operational. This fea- 
ture can be used to monitor either the device’s 
performance or the performance of a neighboring 













Source of 
Data for Clock for 
TTIP & TRING TTIP & TRING 


ieee A 
RTIP& RRING | RTIP&RRING 


Notes: 

1. X = Don't care. The identified All Ones Select input is ignored 
when the indicated loopback is in effect. 

2. Logic 1 indicates that Loopback or All Ones option is selected. 


Source of 









Table 4. Interaction of RLOOP and TAOS 


CS61534. The driver performance monitor in- 
dicator is normally at a low (zero) logic level, and 
goes to high level upon detecting driver failure. 


The driver performance monitor consists of a 
receiver that monitors the transmitted signal on 
input pins, MTIP and MRING. If no signal is 
present on MTIP and MRING for between 15 to 
31 clock cycles, the DPM pin goes high. 


To provide immunity from spurious DPM reports, 
the following application procedure is recom- 
mended: If the controller on the line card detects 
that DPM has gone high, the controller should 
reconfirm that DPM is still high before taking ac- 
tions to respond to the driver failure. The intent of 
the reconfirmation is to screen out events where 
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DPM goes high for a few bit periods, erroneously 
indicating a driver problem. This situation can 
occur only when ones density is very low. 


Whenever more than one CS61534 reside on the 
same circuit board, the effectiveness of the driver 
performance monitor can be maximized by 
having each CS61534 monitor performance of a 
neighboring CS61534 device, rather than having 
it monitor its own performance. Note that in the 
host mode, DPM is available from both the 
register and pin 11. 


Reset 


The CS61534 initiates internal reset procedures 
either on power up or in response to a reset re- 
quest. After initial power up, the device will delay 
for approximately 10 ms before initiating the 
training procedure for the FPLL. It is advisable to 
issue a reset request after the power supply has 
Stabilized and signals have been applied to the 
device to ensure that conditions on the chip are 
stable before the FPLL training takes place. 
Training the FPLL takes at most 43ms, but typi- 
cally requires less than half that amount of time. 
These conditions should also be adhered to if 
temporary loss of power supply occurs. 


In the Hardware Mode, a reset request is made by 
simultaneously setting both RLOOP and LLOOP 
high for a period not to exceed 2 ms. Reset will 
be completed within 53 ms after the falling edge 
of the reset request (falling edge of RLOOP and 
LLOOP). | 


In the Host Mode, a reset is initiated by simul- 
taneously writing RLOOP and LLOOP to the 
register. The device will first clear its data 
registers then initiate the FPLL training procedure 
which will be complete within 53 ms. 


During the reset procedure, the loss of signal in- 


dicator, LOS, is high. Once the reset procedures 
are completed, the loss of signal indicator goes 
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low signifying that normal operation of the 
device has begun. 


Mode of Operation 


The CS61534 can be operated in two modes, the 
hardware mode and the host mode. In the 
hardware mode, discrete pins are used to interface 
the device’s control functions and status informa- 
tion. In the host mode, the CS61534 is connected 
to a host processor and a serial data bus is used 
for input and output of control and status infor- 


MODE 
HARDWARE HOST 








Table 5. Pin Definitions 


mation. There are six dual function pins whose 
functionality is determined by the mode pin, 
MODE. Table 5 shows the pin definitions. 


Serial Interface 


In the host mode, pins 23 through 28 serve as a 
microprocessor/microcontroller interface. One 
on-board register can be written to the SDI pin or 
read from the SDO pin at the clock rate deter- 
mined by SCLK. Through this register, a host 
controller can be used to control operational 
characteristics and monitor device status. The 
serial port read/write timing is independent of the 
system transmit and receive timing. 


Data transfers are initiated by taking the chip 
select input, CS, low (CS must initially be high). 
Address and input data bits are clocked in on the 
rising edge of SCLK. The clock edge on which 
output data is stable and valid is determined by 
CLKE as shown in Table 3. Data transfers are ter- 
minated by setting CS high. CS may go high no 


3-75 





861534 





sooner than 50 ns after the falling edge of the 
16th SCLK cycle, and must go high before the 
rising edge of the 24th SCLK cycle. 


Figure 11 shows the timing relationships for data 
transfers when CLKE = 1. When CLKE = 0, data 


output from the serial port, SDO, is valid on the 


falling edge of SCLK. Data bit D7 is held until 
the rising edge of the 17th clock cycle. 


An address/command byte, shown in Table 6, 
precedes a data register. The first bit of the ad- 


Read/Write Select; 0 = write, 1 = read 
LSB of address. Must be 0 

Must be 0 

Must be 0 

Must be 0 

Must be 1 

Reserved - Must be 0 

Don't Care 


LSB, first bit 


MSB, last bit} 7 


Table 6. Address / Command Byte 


dress/command byte determines whether a read 
or a write is requested. The next six bits contain 
the address. The CS61534 responds to address 16 
(0010000). The last bit is ignored. | 


The data register, shown in Table 7, can be 
read/written by the serial port. Data is input/out- 
put on the eight clock cycles immediately 
following the address/command byte. Bits 0 and 
1 are read only. During a write to the register, the 
CS61534 ignores the first two bits of the data 
byte. SDO goes to a high-impedance state when 
not in use. SDO and SDI may be tied together in 
applications where the host processor has a 
bidirectional I/O port. | 





— Address/Command Byte. 


SDO 





LSB: first bit 
in or out 


Loss Of Signal 

Driver Performance Monitor - 
Bit 0 - Line Length Select 

Bit 1 - Line Length Select . 
Bit 2 - Line Length Select 
Remote Loopback 

Local Loopback | 
Transmit All Ones Select 


MSB: last bit| 7 





in or out 
Table 7. Data Register 
Power Supply 


The device operates from a single 5 volt supply. 
Separate pins for transmit and receive supplies 
provide internal isolation. However these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. 
TV+ must not exceed RV+ by more than 0.3V. 


Decoupling and filtering of the power supplies is 
crucial for the proper operation of the analog cir- 
cuits in both the transmit and receive paths. The 
best way to configure the power supplies is to tie 
TV+ to RV+ at the chip. A 1.0 uF capacitor 
should be connected between TV+ and TGND, 
and a 0.1 UF capacitor should be connected be- 
tween RV+ and RGND. Use mylar or ceramic 
capacitors and place them as closely as possible 
to their respective power supply pins. A 68 LF 
tantalum capacitor should be added close to the 
RV+/RGND supply. If TV+ and RV+ are sup- 
plied by different traces, 68 UF capacitors should 
be used on both supplies. Wire wrap breadboard- 
ing of the CS61534 is not recommended because 
lead resistance and inductance serve to defeat the 
function of the decoupling capacitors. 


Data Input/Output 


—_————p 


Note: SDI sampled on rising edge of SCLK; SDO updated on falling edge of SCLK (CLKE = 1). 


Figure 11. Input / Output Timing 
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PIN DESCRIPTIONS 
ALTERNATE EXTERNAL CLOCK ACLK [/ie\_/ 28 TAOS/CLKE TRANSMIT ALL ONES / CLOCK EDGE 
TRANSMIT CLOCK TCLK [2 27|] LLOOP/SCLK LOCAL LOOPBACK / SERIAL CLOCK 
TRANSMIT POSITIVE PULSE TPOS (13 26) RLOOP/CS REMOTE LOOPBACK / CHIP SELECT 
TRANSMIT NEGATIVE PULSE TNEG [14 25 LEN2/SDO _— LINE / SERIAL DATA OUT 
MODE SELECTION MODE [/5 247 LEN1/SDI LENGTH / SERIAL DATA OUT 
RECEIVED NEGATIVE PULSE RNEG [6 237] LENO/INT SELECT / ALARM INTERUPT 
RECEIVED POSITIVE PULSE RPOS [7 221] RGND RECEIVE GROUND 
RECOVERED CLOCK RCLK [8 211 RV+ RECEIVE V+ (+5VDC) 
CRYSTAL CONNECTION XTALIN [J9 207] RRING RECEIVE RING 
CRYSTAL CONNECTION XTALOUT [110 199 RTIP RECEIVE TIP 
DRIVER PERFORMANCE MONITOR DPM [}11 181] MRING MONITORED RING 
LOSS OF SIGNAL LOS (112 179 MTIP MONITORED TIP 
TRANSMIT TIP TTIP (13 16(] TRING TRANSMIT RING 
TRANSMIT GROUND TGND (114 15] TV+ TRANSMIT V+ (+5VDC) 
ACLK 
TCLK TAOS/CLKE 
TPOS \ [ LLOOP/SCLK 
TNEG——,  \ 7 RLOOP/CS 
CS es Fe Pe 
A, = Pe, 
MODE(|5 4 3 2 1 28 27 2695/] LEN2/SDO 
RNEG[| 6 LEN1/SDI 
RPOS [} 7 | LENO/INT 
RCLK[] 8 | RGND 
XTALIN[] 9 RV+ 
XTALOUT[] 10 RRING 
DPM [| 1145 | RTIP 
Los——“ f * %— MRING 
TTIP MTIP 
TGND 3 TRING 
TV+ 
Power Supplies 


T V+ - Positive Power Supply, Transmit Drivers, Pin 15. 
Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by 
more than 0.3V. 


TGND - Ground, Transmit Drivers, Pin 14. 
Power supply ground for the transmit drivers; typically 0 volts. 


RV+ - Positive Power Supply, Pin 21. 
Positive power supply for the device, except transmit drivers; typically +5 volts. 
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RGND - Ground, Pin 22. : 
Power supply ground for the device, except transmit drivers; typically 0 volts. 


Oscillator 


XTALIN, XTALOUT - - Crystal Cee iene. Pins 9 and 10. 
A 6.176 MHz (8.192 MHz for CCITT applications) crystal should be connected across these pins. 
If desired, an externally generated 6.176 MHz (8.192, MHz for CCITT) clock signal may be input 
to XTALIN, pin 9; XTALOUT, pin 10, should be left floating. Overdriving the oscillator with an 
external source disables the jitter attenuator. This externally generated Even must be exactly four 
times the cele of the TCLK signal. 


Control 


MODE - Mode Select, Pin 5. 
Setting MODE to logic 1 puts the CS61534 in the host mode. In the host mode, a serial control 
port is used to control the CS61534 and determine its status. Setting MODE to logic 0 puts the 
CS61534 in the hardware mode, where configuration and status are controlled by discrete pins. 
MODE defines the status of pins 23 through 28. 


Hardware Mode 


TAOS - Transmit All Ones Select, Pin 28. 
Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined 
by ACLK. , 


LLOOP - Local Loopback, Pin 27. 
Setting LLOOP to a logic 1 routes the transmit clock and data to the receive clock and data pins, 
bypassing the receive circuit. TCLK and TPOS/TNEG are still transmitted unless overridden by a 
TAOS request. 


RLOOP - Remote Loopback, Pin 26. : | 
Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter 
attenuator and through the driver back to the line. The recovered signal is also sent to RCLK and 
RPOS/RNEG. Any TAOS request is ignored. If the oscillator is being driven with a 4x clock, the 
remote loopback function is not possible. 


Simultaneously taking RLOOP and LLOOP high for less than 2 ms initiates a device reset. 
LENO, LEN1, LEN2 - Line Length Selection, Pins 23, 24 and 25. 


Determines the shape and amplitude of the transmitted pulse to accommodate several cable types 
and lengths. See Table 1 for information on line length selection. 
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Host Mode 


INT - Receive Alarm Interrupt, Pin 23. 
Goes low when received signal is lost (LOS is high), or the transmitter driver has failed (DPM is 
high), to flag the host processor. INT will stay low until the fault condition goes away. INT is an 
open drain output and should be tied to the positive supply through a resistor. 


SDI - Serial Data Input, Pin 24. 
Data for the on-chip registers and is sampled on the rising edge of SCLK. 


SDO - Serial Data Output, Pin 25. | 
Status and control information from the on-chip registers. If CLKE is high SDO is valid on the 
rising edge of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. This pin goes to 
a high-impedance state when the serial port is being written to or CS 1s high. 


CLKE - Clock Edge, Pin 28. 
Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the falling edge of RCLK, and 
SDO to be valid on the rising edge of SCLK. Conversely, setting CLKE to logic 0 causes RPOS 
and RNEG to be valid on the rising edge of RCLK, and SDO to be valid on the falling edge of 
SCLK. 


SCLK - Serial Clock, Pin 27. 
Clock used to read or write the serial port registers. 


CS - Chip Select, Pin 26. 
Pin must transition from high to low to read or write the serial ports. 


Inputs 


ACLK - Alternate External Clock, Pin 1. 
This input should be tied to TCLK or some other externally generated 1.544 (or 2.048) MHz 
clock. The frequency of ACLK determines the rate at which TAOS is output. 


TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data - Pins 2, 

3 and 4. 
Inputs for clock and data to be transmitted. Signal jitter is attenuated and the signal is driven on 
to the line through TTIP and TRING. TPOS and TNEG are sampled on the falling edge of 
TCLK. A TPOS input causes a positive pulse to be transmitted, while a TNEG input causes a 
negative pulse to be transmitted. 


RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20. 
The AMI receive signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up 
transformer is required on these inputs, as shown in Figure Al. Data and clock are recovered and 
output on RPOS/RNEG and RCLK. 
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MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18. 
These pins are normally connected to TTIP and TRING and monitor the output of a CS61534. If 
the monitors are not used, tying MTIP low and MRING high through a resistor will reduce power 
consumption slightly. If the INT pin in the host mode is used, and the monitor is not used, input 
a clock signal to one of the monitor pins and tie the other monitor pin to approximately the 
clock’s mid-voltage level. This clock frequency can range from 100 kHz to the TCLK frequency. 


Status 


LOS - Loss of Signal, Pin 12. 7 | 
LOS goes to a logic 1 when the received signal falls below a 0.5 volt threshold, or after 31 clock 
cycles without a detected one. LOS returns to logic 0 when signal returns. 


DPM - Driver Performance Monitor, Pin 11. 
If no signal is present on MTIP and MRING for between 15 to 31 clock cycles, DPM goes to a 
logic 1 until the first detected signal. 


Outputs 


RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data - Pins 8, 7 
and 6. 
Data and clock are recovered from the RTIP and RRING inputs are output at these pins. A signal 
on RPOS corresponds to a positive pulse received on RTIP and RRING, while a signal on RNEG 
corresponds to the receipt of a negative pulse. RPOS and RNEG are NRZ. In the hardware mode, 
RPOS and RNEG are stable and valid on the rising edge of RCLK. In the host mode, CLKE 
determines the clock edge for which RPOS and RNEG are stable and valid. See Table 3. 


TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16. 
The AMI signal is driven to the line through these pins. This output is designed to drive a 25 Q 
load. A 2:1 step-up transformer is required as shown in Figure Al. When driving 75 Q coax 
cable, approximately 4.4 Q of resistance should be added in series with the transformer primary. 


The transmitter will drive twisted-shielded pair cable, terminated with 120 Q, without additional 
components. 


eames Ser SSeS SS SSS SS SSS sho SUss GSAS 
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Line Interface 






CS61534 
OV 0.1 uF 
r}RPOS = RGND ‘ 


a 
Bae 
-XTALIN RRING |] 


XTALOUT —RTIP 
-|DPM MRING 
r/LOS MTIP 











6.176 MHz (2 








Ti LINE 
RECEIVE 
T1 LINE 
TRANSMIT 
:2 


Figure Al. Typical Configuration Showing 
Line Interface 






Figure Al shows the typical configuration for 
interfacing the CS61534 to a T1 line through 
transmit and receive transformers. The receiver 
transformer is center tapped and center grounded 
with 200 © resistors between the center tap and 
each leg on the CS61534 side. These resistors 
provide the 100 Q termination for the T1 line. 
When terminating twisted-shielded pair cable, 
240 © resistors will provide the required 120 Q 
load. 


Figure A2 shows the configuration needed for 
transmitting data at 2.048 MHz onto a 75 Q coax 
cable. The 2.2 © resistors serve two functions. 







8.192 MHz C2 RTIP 


MRING 






2.048 MHz 
RECEIVE 


2.048 MHz 
TRANSMIT 


Figure A2. Configuration for Transmitting 
onto 75 Q Coax 





p 
[| TTIP TRING 


DS16F3 


First, they provide the appropriate 25 Q load to 
TTIP and TRING. Second, the resistors attenuate 
the signal slightly to meet the CCITT pulse 
amplitude requirements. Note that these 2.2 Q 
resistors should not be used when interfacing to 
CCITT 120 © cable. For the receiver, the 
terminating resistors should be 150 © to provide 
the necessary 75 Q termination to the line. 


Selecting an Oscillator Crystal 


Specific crystal parameters are required for 
proper operation of the CS61534. It is recom- 
mended that the Crystal Semiconductor 
CXT6176 crystal be used for T1 applications and 
the CXT8192 crystal be used for PCM-30 ap- 
plications. 


Transformers 


Transformers listed in Table Al have been found 
to be suitable for use with the CS61534. 


Figure A3 shows the connections for some of the 
recommended transformers for the transmitter. 
Key transmit transformer specifications are: 
Turns ratio: 1:2 (or 1:1:1)£5%, 
Primary inductance: 600 pH min measured at 

772 kHz 
Leakage inductance: 1.3 wH max at 772 kHz 

with secondary shorted 
Secondary leakage inductance: 0.4 WH max at 

| 772 kHz 
Interwinding capacitance: 23 pF max, primary to 
secondary | 
ET-Constant: 16 V-us minimum for T1; 
12 V-us for CEPT 


To save on power consumption under normal 
operating conditions, the output drivers are 
powered down during the transmission of a space 
(zero) on to the line. Approximately one quarter 
cycle prior to transmitting a mark (one), the 
drivers are enabled. The transformer, interacting 
with the driver, can cause a slight voltage dif- 
ference (<200 mV) between the driven zero and 
the non-driven zero. We recommend that this ef- 
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. 
| 
[Schott Corp. + 68115000 (dua) 


Nova Magnetics 


Note: The Pulse Eng. 1682x and 5764 are still acceptable, 

but the above Pulse Engineering transformers are preferred. 

The Schott 67112060 is still acceptable, but the above Schott. 
transformers are preferred. 


Table Al. Suitable Transformers 


4 C3 
IC 4 LINE 
SIDE 5 SIDE 
21 t& 


Bell Fuse 0553-5006-IC 
Schott Corp.67115100 
Pulse Engineering 5764 & PE-64931 






Figure A3.Some Recommended _ 
Transmitter/Transformer Connections 


fect be eliminated by inserting a 0.47uF non- 
polarized capacitor in series with the primary of 
the transmit transformer. a 7 


Receive Side J itter Attenuation A 


In some applications it is desirable to attenuate 
jitter from the received signal. A CS61600 PCM 
jitter attenuator can be used to remove at least 
seven unit intervals of jitter from the recovered 
clock and data as shown in Figure A4. In the host 
mode, the inverter is not needed if CLKE is high. 









CS61600 
(master) 
—| DOUT DIN 
CLKOUT CLKIN. 





CS61534 






RNEG 
CLKOUT 


Jitter-free 


clock and data CS61600 


(slave) 


RPOS 


Figure A4. Receive Jitter Attenuation 
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PABx 
e DATA PBx 


















Customer - 
Premises 
System 


e LAN GATEWAY / 
e FEP i 
e T1 MULTIPLEXOR 7 





DSX-1 
Cross 
Connect 


Figure A5. Application of CS61534 


_ TO HOST CONTROLLER 


CS2180A 





Figure A6. Interfacing the CS61534 with a CS2180A. 


Applicable Systems 


Figure AS shows a T1 span from a customer 
premises location through a TELCO DSX-1 cross 
connect. As shown in Figure A5, the CS61534 is 
applicable in customer premises systems that 
interconnect to a channel service unit (CSU), and 
in network equipment that connects to a DSX-1 
cross connect. | 


Interfacing The CS61534 With T1 Digital 
Transceivers 


To interface with the CS2180A, connect the 
devices as shown in Figure A6. In this case, the 
CS61534 and CS2180A are in host mode 
controlled by a microprocessor serial interface. If 
the CS61534 is used in hardware mode, then the 
CS61534 RCLK output must be inverted before 
being input to the CS2180A. 
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PCM Line Interface 





Features 


Provides Analog PCM Line Interface 
for T1 and PCM-30 Applications 


Provides Line Driver, and Data and 
Clock Recovery Functions 


Transmit Side Jitter Attenuation 
Starting at 6 Hz, with > 300 UI of Jitter 
Tolerance 


Low Power Consumption 
(typically 175 mW) 


B8ZS/HDB3/AMI Encoders/Decoders 
14 dB of Transmitter Return Loss 


Compatible with SONET, M13 , CCITT 
G.742, and Other Asynchronous 
Muxes | 


General Description 


The CS61535 and CS61535A combine the analog 
transmit and receive line interface functions for a 
T1/PCM-30 interface in a single 28-pin device. The line 
interface unit (LIU) operates from a single 5 Volt supply 
and is transparent to the framing format. Crystal’s EX- 
PERT Pulse™ circuitry shapes the transmit pulse 
internally, providing the appropriate pulse shape for 
CCITT G.703, or for connecting to DSX-1 cross-con- 
nects for line lengths ranging from O to 655 feet. The 
transmitter uses a 32-bit elastic store to remove jitter 
from the transmit data. 


Applications 


* Interfacing network transmission equipment such as 
OEY multiplexor and M13 to a DSX-1 cross con- 
nect. 


° Interfacing customer premises equipment to a CSU. 
® Interfacing to PCM-30 links. | 


Ordering Information F 
CS61535A-IP1 28 Pin Plastic DIP § 11 & PCM-30 
CS61535A-IL1 28 Pin PLCC (j-leads) T1 & PCM-30 
CS61535-IP1 28 Pin Plastic DIP = _T1 & PCM-30 
CS61535-IL1 | 28 Pin PLCC (j-leads) T1 & PCM-30 





Block Diagram 


XTALIN XTALOUT 
O=_ O 





Or 












O 
RLOOP 
(CS) 


MODE TAOS LENO LEN1LEN2 TGND TV+ 


PULSE 
SHAPER 


© OO O O 
LLOOP ACLKI LOS RV+ 
(SCLK) 


(CLKE) (INT) (SDI) (SDO) . 





fs [2 | [23 | 24 | 25 






SIGNAL 
QUALITY 
MONITOR 


O 
RGND 





Preliminary Product Information 


Semicondu 


This document contains information for a new product. Crystal 





Crystal Semiconductor Corporation 
P.O. Box 17847, Austin, TX 78760 — 
(512) 445-7222 FAX: (512) 445-7581 


ctor reserves the right to modify this product without notice. 
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ABSOLUTE MAXIMUM RATINGS 













DC Supply (referenced to GND) RV+ | 60> V 
| (RV+) +0.3 


TV+ 
Input Voltage, Any Pin (Note 1) | Vin RGND-0.3 (RV+) +0.3 
TA | 






4 Min. 
input Current, Any Pin (Notea) [| tin | to | 10 *<| ma 
Ambient Operating Temperature ee ee a ee a ee 
Storage Temperature | tsg | os | lt | 


WARNING: Operations at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. | 
Notes: 1. Excluding RTIP, RRING, which must stay within the range of -6V to (RV+)+ 0.3V. 
7 2. Transient Currents of up to 100 mA will not cause SCR latch-up. Also TTIP, TRING, TV+ and TGND 
can withstand a continuous current of 100 mA. 


RECOMMENDED OPERATING CONDITIONS 
[Parameter «Syimbor Min 
475 













475 
[Ambient Operating Temperature ——=—=«|~=SCiTA+| -40~~«Y~=CaST CC 
[CS61535A Power Consumption (Noes) | Pc | - 
[CSEI535A Power Consumption (Note 4,6) |___ Pc | - 
[6861535 Power Consumption (Note 45) |___ Pc | - 
[CS61835 Power Consumption (Note 4,8) |__ Pc | 


Notes: 3. TV+ must not exceed RV+ by more than 0.3V. = 
4. Power consumption while driving line load over operating temperature range. Includes IC 
and load. Digital input levels are within 10% of the supply rails and digital outputs are driving a 50pF 
Capacitive load. 
5. Assumes 100% ones density and maximumum line length at 5.25V. 
6. Assumes 50% ones density and 300 ft. line length at 5.0V. 





CS61535 DIGITAL CHARACTERISTICS $ (ta =- 40° to 85°C; Tv+, RV+ = 5.0V+5%; GND 
= 0V) 


High-Level Input Voltage 
PINS 1-5, 23-28 


Low-Level Input Voltage 
PINS 1-5, 23-28 
High-Level Output Voltage (Note 7) 24 
louT =-40 uA PINS 6-8, 11,12, 23, 25 
Low-Level Output Voltage (Note 7) 
louT=1.6MA PINS 6-8, 11, 12, 23, 25 





Vi 
Vit 
— YOu 
VoL 
Input Leakage Current (Except Ping) | 


Notes: 7. Output drivers will output CMOS logic levels into a CMOS load. Functionality of pins 23 and 25 
eee depends on the mode. See Operating Mode description. a 
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CS61535A DIGITAL CHARACTERISTICS (1a =- 40° 10 85°C; TV+, V4 = 5.0V + 5%: 
GND = OV 













High-Level Input Voltage (Notes 8,9) 
PINS 1-4, 17,18, 23-28 


Low-Level Input Voltage (Notes 8,9) Vir 
PINS 1-4, 17, 18, 23-28 
High-Level Output Voltage (Note 8) 
loyr=-40 uA __ PINS 6-8, 11, 12, 23, 25 | 
Low-Level Output Voltage (Note 8) VoL re | 
lour= 1.6 mA PINS 6-8, 11, 12, 23, 25 O 
Input Leakage Current (Except Pin 5) ae oe 
Low-Level Input Voltage, Pin 5 i ie ee 
High-Level Input Voltage, Pin 5 (RV+)-0.2 
Mid-Level Input Voltage, Pin5 —- (Note 10) 


Notes: 8. This specification guarantees TTL compatibility (VoH = 2.4V @ louT = -40 LWA). Functionality of pins 23 
and 25 depends on the mode. See Operating Mode description. 
9. Pins 17 and 18 have digital characteristics in the Extended Hardware Mode. 
10. As an alternative to supplying a 2.3-to-2.7 V input, this pin may be left floating. 





ANALOG SPECIFICATIONS (Ta=- 40° to85°C; TV+, RV+ = 5.0V + 5%; GND = 0V) 


Parameter | min =| typ | Max | Units 


DRIVER PERFORMANCE MONITOR | 


CS61535A Sensitivity: 
Differential wees Required for Detection 
so ith one input at 1.5V 


With one input at OV | 
RECEIVER 


CS61535A RTIP/RRING Input Impedance 


Sensitivity Below DSX (0dB = 2.4V) 
Loss of Signal Threshold | as 
0.4 
6.0 


Data Decision Threshold _ 11 pulse settings 
PCM-30 LEN2/1/0 = 000 


Allowable Consecutive Zeros before LOS 160 


Receiver Input Jitter 10kHz - 100KHz 
Tolerance . 2kHz 


(Note 11) 10Hz and below 


% of peak 





Notes: 11. Jitter tolerance increases at lower frequencies. See Figure 12. 
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ANALOG SPECIFICATIONS (ta=-40° to85°C;TV+, RV+ = 5.0V +5%: GND = 0V) - 
__ Parameter | Min | Typ | Max | Units | 





TRANSMITTER | 
AMI Output Pulse Amplitudes (Note 12) 
PCM-30, 75 Ohm (Note 13) 
PCM-30, 120 Ohm (Note 14) 
oat (ae 7 (Note 15). 


Load Presented To Transmitter Output (Note 12) 
-— CS61535A 
~ CS61535 


Jitter Added During 10Hz - 8kHz 


Remote Loopback | 8kHz - 40kHz 
10HZ - 40kHz 
(Note 16) Broad Band 


Power in 2kHz band about 772kHz 


Power in 2kHz band about 1.544 MHz 
(referenced to power in 2kHz band at 772kHz) 


Transmitter Input Jitter Tolerance 


Jitter Attenuation Curve Corner Frequency 


CS61535A PCM-30 Transmitter (Notes 12, 19) 


ERS 51 kHz to 102 kHz 
102 kHz to 2.048 MHz 
2.048 MHz to 3.072 MHz 


Notes: 12. Using transformer as recommended in the Application Section. 

13. These amplitudes, measured at the output of the transformer, are for line length settings 
LEN2/1/0=0/0/0 (see Figure 9). 

14. These amplitudes, measured at the output of the transformer, are for line length settings _ 
LEN2/1/0 = 0/0/0 (see Figure 9) or LEN2/1/0 = 0/1/0. 

15. These amplitudes, measured at the DSX-1 Cross-Connect, are for all line length settings from 
LEN2/1/0 = 0/1/1 to LEN2/1/0 = 1/1/1 (see Figure 8). | 

16. Input signal to RTIP/RRING is jitter free. 7 | 

- 17. Typical performance with 0.47 uF capacitor in series with primary of transmitter output transformer. 

Not production tested. Parameters guaranteed by design and characterization. | 

18. The jitter attenuator in the transmit path has circuitry to prevent FIFO overflow or underflow. Tolerance 
parameters shown reflect jitter levels at which overflow/underflow circuit will be inactive. The circuit 
attenuates jitter at 20dB/decade above the corner frequency. See Figure 10. When more than 12 Ul’s 
are input to the attenuator, output jitter can increase significantly. See discussion in Wander and Jitter 
Attenuator section. | : | 

19. Return loss = 20 log 10 ABS( (z1+Z0)/(z1-Zo)) where z1=impedance of the transmitter, and 
Zo = impedance of line load, measured with a repeating 1010 data pattern. © 
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T1 SWITCHING CHARACTERISTICS §(ta=-40° to 85°C; TV+, RV+ = 5.0V + 5%; 


symbor__| Min 
ACLKI Frequency (Note 20) | facki ft 


CS61535A RCLK Cycle Width 
When Phase Locked 






























(Notes 21, 22, 24) 











CS61535 RCLK Cycle Width 
When Phase Locked 






(Notes 21, 22, 24) - 


CS61535A RCLK Duty Cycle (Notes 21, 22,24) | towht /tows | 29 6 | = fl 
CS61535 RCLK Duty Cycle (Notes 21, 22, 24) towhid tows ae 







TCLK Falling to TPOS/TNEG Hold Time 


Notes: 20. ACLKI provided by an external source or TCLK. 
21. RCLK cycle width will vary with extent by which received pulses are displaced by jitter. 
22. Max & Min RCLK duty cycles and cycle widths and RX setup and hold times are for worst case jitter 
conditions: i.e. 0.4 Ul AMI data displacement for T1 or 0.2 Ul AMI data displacement for CCITT 
2.048 MHz. See text section on Jitter and Recovered Clock. 
23. At max load of 1.6 mA and 50 pF. 
24. Not production tested. Guaranteed by design and/or characterization. 












90% 90% 
10% 10% 


Any Digital Output 


Figure 1. - Signal Rise and Fall Characteristics 


a | 
EXTENDED 


HARDWARE 
MODE OR 
HOST MODE 
(CLKE = 1) 





RCLK | 


RPOS 
RNEG : 
HARDWARE 

ee MODE OR 
HOST MODE 

| | | | (CLKE = 0) 








Figure 2. - Recovered Clock and Data Switching Characteristics 
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TCLK 






TPOS/TNEG 


Figure 3. - Transmit Clock and Data Switching Characteristics 


PCS 





LENO/1/2, TAOS, 
RLOOP, LLOOP, 
RCODE, TCODE 






a 


f\£) 


Figure 4. - Extended Hardware Mode Parallel Chip Select Timing Diagram au 


ee 








| CONTROL BYTE | DATA BYTE 


Figure 5, - Serial Port Write Timing Diagram 


| | —tedz 


SCLK 


kK tedv 


SDO- HIGH Z 





CLKE = 1 


Figure 6. - Serial Port Read Timing Diagram 
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PCM-30 SWITCHING CHARACTERISTICS (ta =- 40° to 85°C; TV+, RV+ = 5.0V +5%: 
GND = OV; Inputs: Logic 0 = OV, Logic 1 = RV+) 


| sC~Parameter—SSSC*d«SSymbol | Min =| Typ | Max 
ee 






ACLKI Frequency (Note 20) faclki 





CS61535A RCLK Cycle Width 
When Phase Locked 







(Notes 21, 22, 24) 









CS61535 RCLK Cycle Width 
When Phase Locked 











(Notes 21, 22, 24) 


GS6I5SERGLKDuty Cycle WORT, 72.20) linwnvpwt| | 74 
Rise Tine, AiDigtalOupus =e Tt, | 
Fal Tne, Al Digi Qupls ____—_—_—‘Wowe29) |u| | | 5 
; a a 
eo 
a 






RPOS/RNEG to RCLK Setup Time —_ (Notes 22, 24 50 
RCLK to RPOS/RNEG Hold Time _ (Notes 22, 24) 









SWITCHING CHARACTERISTICS (Ta =- 40° to 85°C; TV+, RV+ =5.0V + 5%; 


Inputs: Logic 0 = OV, Logic 1 = RV+) 


Eth tee tf 
tcc 


















t 
: 
[EStoSCLK SeupTime —=S~dSCitS SSS 


bees! 
[CStosDOHighZ | tote S| | tO 
[Input Validto PCS Falling Setup Time | _—tsua_| 50 | | 
PCS Rising o Input invalid Hold Time | tha | 50 | | 
Ee aoe 


SCLK to SDO Valid (Note 22) 


200 
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THEORY OF OPERATION 
Enhancements in CS61535A 


The performance improvements made to the ’A’ 
version of the CS61535 are the following: 


¢ 50% reduction in power consumption | 

¢ Transmitter output impedance matches line 
(during transmission of both marks & spaces) 
achieving return loss of greater than 14dB 

¢ Addition of optional AMI, B8ZS, HDB3 line 

- code encoder/decoder 

¢ ATS (all ones) detection 

¢ Upon power up, RCLK immediately starts 
and LOS (loss of signal) is set high 

¢ When the transmitter senses the absence of a 


signal on TCLK, TTIP and TRING are forced | 


to zero. | 

¢ The Loss of Signal condition is exited upon 
recognition of 12.5% one’s density (4-of-32 
and no more than14 consecutive zeros). 

¢ The Driver Performance Monitor operates 
Over a wider range of input signal levels. 

¢ Elimination of the requirement that a refer- 
ence clock be input on the ACLKI pin. 


HARDWARE EXTENDED HOST 
MODE HARDWARE MODE . 
MODE 
SUPPORTED . CS61535A CS61535A CS61535A 
BY: CS61535 CS61535 
MODE-PIN - . FLOAT, or ag = 
.2V , - 0. 
INPUT LEVEL : 2.5v ata) 0 


INDIVIDUAL . 
CONTROL LINES 
& PARALLEL 
CHIP SELECT © 




















SERIAL 
u-PROCESSOR 











CONTROL 
METHOD 


INDIVIDUAL 
CONTROL LINES 











LINE CODE 
ENCODER & 
DECODER HDB3 


AIS DETECTION YES 


DRIVER 
PERFORMANCE 
MONITOR 














Table 1. Differences in Operating Modes 


3-90 


The same PCB can be used for both the CS61535 
and CS61535A. When converting an existing 
CS61535 PCB to use the CS61535A, the only 
change required is to update the parts list to 
specify the new IC (CS61535A) and to specifiy a 
transmitter transformer with a different turns ratio 
(The new transformer supports the reduced power 
consumption). The PCB art work remains the 
same. See Table A3 in the application section. 


Introduction to Operating Modes 


The CS61535A supports three operating modes 
(as selected by pin MODE) as shown in Tables 1 
and 2, and Figure 7, and Figures A1-A3 of the 
application section. _ | : 


The modes are the hardware mode, the extended 
hardware mode and host mode. In the hardware 
and extended hardware modes, discrete pins are 
used to interface the device’s control functions 
and status information. In the host mode, the line 
interface is connected to a host processor and a 
serial data bus is used for input and output of con- 
trol and status information. There are thirteen 
multi-function pins whose functionality is deter- 
mined by the mode pin, MODE (Table 2). 


MODE 












FUNCTION 





TRANSMITTER 


RECEIVER/DPM 


CONTROL — 


Table 2. Pin Definitions 


DS40PP2.1 


A on Hi a a a 7 | 
nna a ene CS61535A 





HARDWARE MODE 
TAOS LLOOP RLOOP LENO/1/2 









JITTER 
Trea | | attenuator |_| LINE DRIVER 


CS61535A 
CS61535 


TaNes[_——S~*d~CNE EEE 








CS2180B 





FRAMER 










CIRCUIT 






RECEIVE 
TRANSFORMER 


EXTENDED HARDWARE MODE 
TCODE RCODE TAOS LLOOP RLOOP PCS_ LENO/1/2 













JITTER : 
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Figure 7. Overview of Operating Modes 





Transmitter are supplied synchronously. Data is sampled on 
the falling edge of the input clock. 

The transmitter takes data from a T1 (or PCM-30) 

terminal, attenuates jitter, and produces pulses of Either T1 (DSX-1 or Network Interface) or PCM- 

appropriate shape. The transmit clock (TCLK) 30 G.703 pulse shapes may be selected. Pulse 

and transmit data (TPOS & TNEG or TDATA) shaping and signal level are determined by "line 
length select" inputs as shown in Table 3. The 
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Table 3. Line Length Selection 





CS61535A line driver is designed to drive a 75 Q 
equivalent load. The CS61535 drives a 25 Q load. 


~For PCM-30 applications, the CS61535A driver 
provides 14 dB of return loss during the transmis- 
sion of both marks and spaces. This improves 
signal quality by minimizing reflections off the 


transmitter. Similar levels of return loss are 


provided for T1 applications. 


For T1 DSX-1 applications, line lengths from 0 to 


655 feet (as measured from the transmitter to the 
DSX-1 cross connect) are selectable. The five 
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Figure 8. Typical Pulse Shape at DSX-1 Cross Connect 
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partition arrangement meets CB-119 requirements 


when using ABAM cable. A typical output pulse 
is shown in Figure 8. These pulse settings can 
also be used to meet CCITT pulse shape require- 
ments for 1.544 MHz operation. 


For T1 Network Interface applications, additional 
options are provided. Note that the optimal pulse 
width for Part 68 (324 ns) is narrower than the 


optimal pulse width for DSX-1 (350 ns). The 


CS61535A automatically adjusts the pulse width 
based upon the "line length " selection made. 


The PCM-30 G.703 pulse shape is supported with 
line length selection LEN2/1/0=000. The pulse 
width will meet the G.703 pulse shape template 
shown in Figure 9, and specified in Table 4. 


The CS61535A transmitter will detect a failed 
TCLK, and will insure that neither TTIP nor 
TRING gets stuck high. If the clock signal is 


Percent of 
nominal — 
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Figure 9 . Mask of the Pulse at the 2048 kbps Interface 
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removed from TCLK on the CS61535, TPOS and 
TNEG should both be low during the last falling 
edge of TCLK. 


To place the device in a low power dissipation 
mode (i.e., to disable the drive), TPOS and TNEG 
(or TDATA) should be held low while TCLK 
continues to be input. When any transmit control 
pin (TAOS, LENO-2 or LLOOP) is toggled, the 
transmitter stabilizes within 22 bit periods. The 
transmitter will take longer to stabilize when 
RLOOP is selected because the timing circuitry 
must adjust to the new frequency. 


Wander and Jitter Attenuator 


The jitter attenuator is designed to reduce wander 
and jitter in the transmit clock signal. It consists 
of a 32 bit FIFO, a crystal oscillator, a set of load 
capacitors for the crystal, and control logic. The 
jitter attenuator exceeds the jitter attenuation re- 
quirements of Publications 43802 and REC. 
G.742. A typical jitter attenuation curve is shown 
in Figure 10. 


The jitter attenuator works in the following man- 
ner. Data on TPOS and TNEG (or TDATA) are 


Nominal peak voltage ofa mark (pulse) 
Peak voltage of a space (no pulse) 
Nominal pulse width 


Ratio of the amplitudes of positive and negative 
pulses at the center of the pulse interva 


Ratio of the widths of positive and negative pulses 
at the nominal half amplitude 






* 


shown in Figures A1, A2 and A3. 


a) Minimum Attenuation Limit 







62411 (1991 Version) 
Requirements 


Attenuation in dB 
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Figure 10. Typical Jitter Attenuation Curve 


written into the jitter attenuator’s FIFO by TCLK. 
The rate at which data is read out of the FIFO and 
transmitted is determined by the oscillator. Logic 
circuits adjust the capacitive loading on the crys- 
tal to set its oscillation frequency to the average 
of the TCLK frequency. Signal jitter is absorbed 
in the FIFO. 


Jitter Tolerance of Jitter Attenuator 


The FIFO in the jitter attenuator is designed to 
neither overflow nor underflow. If the jitter 














For coaxial cable, 
75 ohm load and 
transformer specified 











For shielded twisted pair, 
120 ohm load and 
transformer specified 

in Application in Application 

Section. Section. 


0+0.237 V 0+03V 


0.95 to 1.05 * 
0.95 to 1.05 





When configured with a 0.47 uF nonpolarized capacitor in series with the Tx transformer primary as 


Table 4.CCITT Pulse Specifications 
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amplitude becomes very large, the read and write 
pointers may get very close together. Should the 
pointers attempt to cross, the oscillator’s divide 
by four circuit adjusts by performing a divide by 
3 1/2 or divide by 4 1/2 to prevent the overflow 
or underflow. When a divide by 3 1/2 or 4 1/2 oc- 
curs, the data bit will be driven on to the line 
either an eighth bit period early or an eighth bit 
period late. 


When the TCLK frequency is close to the center 
frequency of the crystal oscillator, the high fre- 
quency jitter tolerance is 23 UI before the divide 
by 3 1/2 or 4 1/2 circuitry is activated. [Note: If 
your application requires more than 23 UI of jitter 
tolerance before the onset of divide by 3 1/2 or 
4 1/2, please contact Crystal Semiconductor.] As 
the center frequency of the oscillator and the 
TCLK frequency deviate from one another, the 
jitter tolerance is reduced. As this frequency 
deviation becomes large, the maximum jitter 
tolerance at high frequencies is reduced to 12 UI 
before the underflow/overflow circuitry is ac- 
tivated. In application, it is unlikely that the 
oscillator center frequency will be precisely 
aligned with the TCLK frequency due to allow- 
able TCLK tolerance, part to part variations, 
crystal to crystal variations, and crystal tempera- 
ture drift. The oscillator tends to track low 


RTIP 





yee " Data 
3 Level 
_ Slicer. 


Edge 
Detector 







frequency jitter so jitter tolerance increases as jit- 
ter frequency decreases. es 


The crystal frequency must be 4 times the — 
nominal signal frequency: 6.176 MHz for 1.544 
MHz operation; 8.192 MHz for 2.048 MHz ap- 


plications. Internal capacitors load the crystal, 


controlling the oscillation frequency. The crystal 
must be designed so that over operating tempera- 
ture, the oscillator frequency range exceeds the 
system frequency tolerance. Crystal Semiconduc- 
tor offers the CXT6176 & CXT8192 crystals, 
which yield optimum CS61535A and CS61535 
performance. 


Transmit All Ones Select 


The transmitter provides for all ones insertion at 


the frequency of ACLKI. Transmit all ones is 


selected when TAOS goes high, and causes con- 
tinuous ones to be transmitted on the line (TTIP 
and TRING). In this mode, the TPOS and TNEG 
(or TDATA) inputs are ignored. A TAOS request 
will be ignored if Remote Loopback is in effect. 
ACLK] jitter will be attenuated. 
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Calibrated ACLKI or 
Delay Line Oscillator in Jitter 
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Figure 11. Receiver Block Diagram 
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Receiver 


The receiver extracts data and clock from an AMI 
(Alternate Mark Inversion) coded signal and out- 
puts clock and synchronized data. The receiver is 
sensitive to signals over the entire range of cable 
lengths and requires no equalization or ALBO 
(Automatic Line Build Out) circuits. The signal is 
received on both ends of a center-tapped, center- 
grounded transformer. The transformer is 
center-tapped on the IC side. The clock and data 
recovery circuit exceeds the jitter tolerance 
specifications of Publications 43802, 43801, 
62411 amended, TR-TSY-000170, and CCITT 
REC. G.823. 


A block diagram of the receiver is shown in 
Figure 11. The two leads of the transformer (RTIP 
and RRING) have opposite polarity allowing the 
receiver to treat RTIP and RRING as unipolar sig- 
nals. Comparators are used to detect pulses on 
RTIP and RRING. The comparator thresholds are 
dynamically established at a percent of the peak 
level (50% of peak for PCM-30, 65% of peak for 
T1; with the slicing level selected by LEN2/1/0 
inputs). 


The receiver uses an edge detector and a con- 
tinuously calibrated delay line to generate the 
recovered clock. The delay line divides its 
reference clock, ACLKI or the jitter attenuator’s 


PEAK 
TO 
PEAK 


JITTER 
(unit intervals) 





100 300 700 1k 10k 100k 
JITTER FREQUENCY (Hz) 


0 10 
Figure 12. Input Jitter Tolerance of Receiver 


DS40PP2 


oscillator, into 13 equal divisions or phases. Con- 
tinuous calibration assures timing accuracy, even 
if temperature or power supply voltage fluctuate. 


The leading edge of an incoming data pulse trig- 
gers the clock phase selector. The phase selector 
chooses one of the 13 available phases which the 
delay line produces for each bit period. The out- 
put from the phase selector feeds the clock and 
data recovery circuits which generate the 
recovered clock and sample the incoming signal 
at appropriate intervals to recover the data. The 
jitter tolerance of the receiver exceeds that shown 
in Figure 12, 


The CS61535 device outputs a clock at RCLK 
after the first signal is input to RTIP/RRING. The 
CS61535A outputs a clock immediately upon 
power-up. In either case, the clock recovery cir- 
cuit is calibrated, and the device will lock onto 
the AMI data input immediately. If loss of signal 
occurs, the RCLK frequency will equal the 
ACLKI frequency. 


In the hardware mode, data at RPOS and RNEG 
is stable and may be sampled on the rising edge 
of the recovered clock. In the extended hardware 
mode, data at RDATA is stable and may be 
sampled on the fallings edge of the recovered 
clock. In the host mode, CLKE determines the 
clock polarity for which output data is stable and 
valid as shown in Table 5. 


MODE CLKE | DATA | CLOCK [Clock Edge for 

- (pin 5) (pin 28) Valid Data © 

LOW X Rising 

ee . Rising 

HIGH LOW Rising 

(>(V+)-0.2V) Rising 
Falling . 

HIGH Falling 

(>(V+)-0.2V) Falling 

Rising 





MIDDLE 
(2.5v) 


X= Don't care 


Falling 


RDATA| RCLK 


Table 5. Data Output/Clock Relationship 
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Jitter and Recovered Clock 


The CS61535A and CS61535 are designed for 
error free clock and data recovery from an AMI 
encoded data stream in the presence of more than 
0.4 unit intervals of jitter at high frequency. The 
clock recovery circuit is also tolerant of long 
strings of zeros. The edge of an incoming data bit 
causes the circuitry to choose a phase from the 
delay line which most closely corresponds with 
the arrival time of the data edge, and that clock 
phase triggers a pulse which is typically 140 ns in 
duration. This phase of the delay line will con- 
tinue to be selected until a data bit arrives which 
is Closer to another of the 13 phases, causing a 
new phase to be selected. The largest jump al- 
lowed along the delay line is six phases. 


When an input signal is jitter free, the phase 
selection will occasionally jump between two ad- 
jacent phases resulting in RCLK jitter with an 
amplitude of 1/13 UI. These single phase jumps 
are due to differences in frequency of the incom- 
ing data and the calibration clock input to 
ACLKI. For T1 operation of the CS61535A or 
CS61535, the instantaneous period can be 14/13 
* 648 ns = 698 ns (1,662,769 Hz) or 12/13 * 648 
ns = 598 ns (1,425,231 Hz) when adjacent clock 
phases are chosen. As long as the same phase is 
chosen, the period will be 648 ns. Similiar cal- 
culations hold for PCM-30 rates. a 


The clock recovery circuit is designed to accept at 
least 0.4 UI of jitter at the receiver. Since the data 
stream contains information only when ones are 
transmitted, a clock/data recovery circuit must as- 
sume a zero when no signal is measured during a 
bit period. Likewise, when zeros are received, no 
information is present to update the clock 
recovery circuit regarding the trend of a signal 


which is jittered. The result is that two ones that _ 


are separated by a string of zeros can exhibit 
maximum deviation in pulse arrival time. For ex- 
ample, one half of a period of jitter at 100 kHz 
occurs in 5 ws, which is 7.7 T1 bit periods. If the 
jitter amplitude is 0.4 UI, then a one preceded by 
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seven zeros can have maximum displacement in 
arrival time, i.e. either 0.4 UI too early or 0.4 UI 
too late. For the CS61535A and CS61535, the 
data recovery Circuit correctly assigns a received 
bit to its proper clock period if it is displaced by 
less than 6/13 of a bit period from its optimal 
location. Theoretically, this would give a jitter 
tolerance of 0.46 UI. The actual jitter tolerance of 
the CS61535A and CS61535 is only slightly less 
than the ideal. 7 


In the event of a maximum jitter hit, the RCLK 
clock period immediately adjusts to align itself 
with the incoming data and prepare to accurately 
place the next one, whether it arrives one period 
later, or after another string of zeros and is dis- 
placed by jitter. For a maximum early jitter hit, 
RCLK will have a period of 7/13 * 648 ns = 349 
ns (2,865,961 Hz). For a maximum late jitter hit, 
RCLK will have a period of 19/13 * 648 ns = 947 | 
ns (1,055,880 Hz). 


Loss of Signal - 


Receiver loss of signal is indicated upon receiv- 
ing 175 consecutive zeros. A digital counter 
counts received zeros based on RCLK cycles. A 
zero input is determined either when zeros are 
received, or when the received signal amplitude 
drops below a0.3 V peak threshold. 


The receiver reports loss of signal by setting the 
Loss of Signal pin, LOS, high. If the serial inter- 
face is used, the LOS bit will be set and an 
interrupt issued on INT. LOS will go low (and 
flag the INT pin again if serial I/O is used) when 
a valid signal is detected. Note that in the host 
mode, LOS is simultaneously available from both 
the register and pin 12. 


In a loss of signal state, the RCLK frequency will 
be equal to the ACLKI frequency since ACLKT is 
being used to calibrate the clock recovery circuit. 
Received data is output on RPOS/RNEG regard- 
less of LOS status. In the CS61535, LOS returns 
to a logic zero upon receipt of the first bit at the 
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RTIP/RRING inputs. In the CS61535A, LOS 
returns to logic zero when the received signal 
returns to 12.5% ones density (based on 4 ones 
out of 32 bit periods, and no more than 14 zeros 
in a row). Also in the CS61535A, a power-up or 
manual reset will set LOS high. 


Local Loopback 


The local loopback mode takes clock and data 
presented on TCLK, TPOS, and TNEG (or 
TDATA) and outputs it at RCLK, RPOS and 
RNEG (or RDATA). Receiver inputs are ignored 
when local loopback is in effect. The jitter at- 
tenuator is bypassed in th CS61535, but included 
in the loopback path of the CS61535A. Local 
loopback is selected by taking LLOOP, pin 27, 
high. Selection of local loopback overrides the 
chip’s loss of signal response. 


Remote Loopback 


In remote loopback, the recovered clock and data 
input on RTIP and RRING are sent through the 
jitter attenuator and back out on the line via TTIP 
and TRING. The recovered incoming signals are 
also sent to RCLK, RPOS and RNEG (or 
RDATA). A remote loopback occurs in response 
to RLOOP going high. Simultaneous selection of 
local and remote loopback modes is not valid (see 
Reset). A remote loopback bypasses the line code 
encoder/decoder, insuring that the transmitted sig- 
nal matches the received signal, even in the 
presence of received bipolar violations. 


Driver Performance Monitor 


To aid in early detection and easy isolation of 
nonfunctioning links, the hardware and host 
modes of the CS61535A and CS61535 are able to 
monitor transmit drive performance and report 
when the driver is no longer operational. This fea- 
ture can be used to monitor either the device’s 
performance or the performance of a neighboring 
driver. The driver performance monitor indicator 
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is normally at a low (zero) logic level, and goes 
to high level upon detecting driver failure. 


The driver performance monitor consists of a 
receiver that monitors a transmitted AMI signal 
on input pins, MTIP and MRING. If no valid 
AMI signal is present on MTIP and MRING for 
64+2 clock cycles, the DPM pin goes high. 


Whenever more than one line interface IC resides 
on the same circuit board, the effectiveness of the 
driver performance monitor can be maximized by 
having each IC monitor performance of a neigh- 
boring device, rather than having it monitor its 
own performance. Note that in the host mode, 
DPM is available from both the register and pin 
11. 


For the CS61535 only, the following application 
procedure is recommended to provide immunity 
from spurious DPM reports. If the controller on 
the line card detects that DPM has gone high, the 
controller should reconfirm that DPM is still high 
before taking actions to respond to the driver 
failure. The intent of the reconfirmation is to 
screen Out events where DPM goes high for a few 
bit periods, erroneously indicating a driver prob- 
lem. This situation can occur only when ones 
density is very low. . 
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Line Code Encoder/Decoder 


In the CS61535A Extended hardware Mode, three 
line codes are available: AMI, B8ZS and HDB3. 
The input to the encoder is TDATA. The outputs 
from the decoder are RDATA and BPV (Bipolar 
Violation Strobe). The encoder and decoder are 
selected using pins LEN2, LEN1, LENO, TCODE 
and RCODE as shown in Table 6. 


_ LEN 2/1/0 


010-111 


Low | HDB3 B8ZS 
Encoder Encoder 


























TCODE 
(Transmit 
Encoder | 
| HIGH ee 
Selection) -.-. Encoder. 







B8zS 


LOW HDB3 

Decoder Decoder 
HIGH AMI 
. - Decoder 


- Table 6. Selection of Encoder/Decoder 


RCODE 
(Receiver 
Decoder 
Selection) 






Alarm Indication Signal 


In the CS61535A Extended Hardware Mode, the 


receiver sets output pin AIS high when less than 3 
zeros are detected out of 2048 bit periods. AIS 
returns low when 4 or more zeros, out of 2048 
bits, are detected. | 


Parallel Chip Select 


In the CS61535A Extended Hardware Mode, PCS 
can be used to gate the digital control inputs: 
TCODE, RCODE, LENO, LEN1, LEN2, RLOOP, 
LLOOP and TAOS. Inputs are accepted on these 
pins only when PCS is low. Changes in inputs 
will immediately change the operating state of the 
CS61535A. Therefore, when cycling PCS to up- 
date the operating state, the digital control inputs 





should be stable for the entire PCS low period. 


The digital control inputs are ignored when PCS 
is high. 
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Power On Reset / Reset 


Upon power-up, the CS61535A and CS61535 are 
held in a static state until the supply crosses a 
threshold of approximately three volts. When this 
threshold is crossed, the device will delay for 
about 10 ms to allow the power supply to reach 
operating voltage. After this delay, calibration of 
the delay lines used in the transmit and receive 
sections commences. The delay lines can be 
calibrated only if a reference clock is present. The 
reference clock for the receiver is provided by 
ACLKI or by the crystal oscillator if ACLKI is 
not present. The reference clock for the transmit- 
ter is provided by TCLK. The initial calibration 
should take less than 20 ms. 


In operation, the delay lines are continuously | 
calibrated, making the performance of the device 
independent of power supply or temperature 
variations. The continuous calibration function 
foregoes any requirement to reset the line inter- 
face when in operation. However, a reset function 
is available which will clear all registers. 


In the Hardware and Extended Hardware modes, 
a reset request is made by simultaneously setting 
both RLOOP and LLOOP high for at least 200 ns. 
Reset will initiate on the falling edge of the reset 
request (falling edge of RLOOP and LLOOP). In 
the Host Mode, a reset is initiated by simul- 
taneously writing RLOOP and LLOOP to the 
register. In either mode, a reset will set all 
registers to 0. © 


In the CS61535A, a reset will set LOS high. 
Serial Interface 


In the host mode, pins 23 through 28 serve as a 
microprocessor/microcontroller interface. One 
eight-bit register can be written to via the SDI pin 
or read from the SDO pin at the clock rate deter- 
mined by SCLK. Through this register, a host 
controller can be used to control operational 
characteristics and monitor device status. The 
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Data Input/Output 


+<— —-| 


Figure 13. Input/Output Timimg 


serial port read/write timing is independent of the 
system transmit and receive timing. 


Data transfers are initiated by taking the chip 
select input, CS, low (CS must initially be high). 
SCLK may be either high or low when CS initial- 
ly goes low. Address and input data bits are 
clocked in on the rising edge of SCLK. Data on 
SDO is valid and stable on the falling edge of 
SCLK when CLKE is low, and on the rising edge 
of SCLK when CLKE is high. Data transfers are 
terminated by setting CS high. CS may go high 
no sooner than 50 ns after the rising edge of the 
SCLK cycle corresponding to the last write bit. 
For a serial data read, CS may go high any time 
to terminate the output. 


Figure 13 shows the timing relationships for data 
transfers when CLKE = 1. When CLKE = 0, data 
output from the serial port, SDO, is valid on the 
falling edge of SCLK. For CLKE = 1, data bit D7 
is held to the falling edge of the 16th clock cycle; 
for CLKE = 0, data bit D7 is held to the rising 
edge of the 17th clock cycle. SDO goes to a high 
impedance state either after bit D7 is output or at 
the end of the hold period of data bit D7. 


An address/command byte, shown in Table 7, 
precedes a data register. The first bit of the ad- 
dress/command byte determines whether a read 
or a write is requested. The next six bits contain 
the address. The CS61535A and CS61535 
respond to address 16 (0010000). The last bit is 
ignored. 


The data register, shown in Table 8, can be writ- 
ten to the serial port. Data is input on the eight 
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LSB, first bit Read/Write Select; 0 = write, 1 = read 
LSB of address. Must be 0 

Must be 0 

Must be 0 

Must be 0 

Must be 1 

Reserved - Must be 0 

Don’t Care 


0 
1 
2 
3 
4 
5 
6 
7 


MSB, last bit 





Table 7. Address/Command Byte 


clock cycles immediately following the ad- 
dress/command byte. Bits O and 1 are used to 


clear an interrupt issued from the INT pin, which 


occurs in response to a loss of signal or a problem 
with the output driver. If bits 0 of 1 are true, the 
corresponding interrupt is suppressed. So if a loss 
of signal interrupt is cleared by writing a 1 to bit 


O, the interrupt will be reenabled by writing a 0 to 


bit O. This holds for DPM as well. 


LSB: first bit clr LOS | Clear Loss Of Signal 


in clr DPM | Clear Driver Performance Monitor 
LENO | Bit 0 - Line Length Select 
LEN1 Bit 1 - Line Length Select 
LEN2 | Bit 2- Line Length Select 


RLOOP | Remote Loopback 
LLOOP | Local Loopback 
MSB: last TAOS | Transmit All Ones Select 
bit in 





NOTE: Setting bits 5,6 & 7 to 101 or 111 puts the CS61535 into 
a factory test mode. j 


Table 8. Input Data Register 
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Writing a "1" to either "Clear LOS" or "Clear 
DPM" over the serial interface has three effects: _ 


1) the current interrupt on the serial interface will 
be cleared. (Note that simply reading the register 
bits will not clear the interrupt) - 


2) output data bits 5, 6 and 7 will be reset as ap- 
propriate | 


3) future interrupts for the corresponding LOS or 
DPM will be suppressed (i.e., prevented from oc- 


curing) © 7 


Writing a "0" to either "Clear LOS" or "Clear 
DPM" enables the corresponding interrupt for 
LOS or DPM. 


Output data from the serial interface is presented 
as shown in Tables 9 and 10. Bits 2, 3 and 4 can 
be read to verify line length selection. Bits 5, 6 
and 7 must be decoded. Codes 101, 110 and 111 
(Bits 5, 6 and 7) indicate intermitent losses of sig- 
nal and/or driver problems. Writing clear LOS 


LSB: first bit Loss Of Signal 


{in . | Driver Performance Monitor 
Bit 0 - Line Length Select 


Bit 1 - Line Length Select 
Bit 2 - Line Length Select 





Table 9. Output Data Bits 0 - 4 


Bi | 


Reset has occurred or no program input. 
TAOS in effect. 

LLOOP in effect. 

TAOS/LLOOP in effect. 

RLOOP in effect. 


DPM changed state since last “clear DPM" | 
occurred. 









LOS changed state since last “clear LOS" 
occurred. 


LOS and DPM have changed state since 
last “clear LOS" and “clear DPM”. 


Table 10. Coding for Serial Output bits 5,6,7 
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and/or clear DPM to the register also resets status 
bits 5,6, and 7. 


SDO goes to a high impedance state when not in 
use. SDO and SDI may be tied together in ap- 
plications where the host processor has a 
bidirectional I/O port. 


Power Supply 


The device operates from a single 5 Volt supply. 
Separate pins for transmit and receive supplies 
provide internal isolation. However these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. 
TV+ must not exceed RV+ by more than 0.3V. 


Decoupling and filtering of the power supplies is 
crucial for the proper operation of the analog cir- 


cuits in both the transmit and receive paths. The 
_ best way to configure the power supplies is to tie 


TV+ to RV+ at the chip. A 1.0 UF capacitor 
should be connected between TV+ and TGND, 
and a 0.1 uF capacitor should be connected be- 
tween RV+ and RGND. Use mylar or ceramic 
capacitors and place them as closely as possible 
to their respective power supply pins. A 68 UF 
tantalum capacitor should be added close to the 
RV+/RGND supply. If TV+ and RV+ are sup- 
plied by different traces, 68 WF capacitors should 
be used on both supplies. Wire wrap breadboard- 
ing of the CS61535A or CS61535 is not 
recommended because lead resistance and induc- 
tance serve to defeat the function of the 
decoupling capacitors. 
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PIN DESCRIPTIONS 
ALTERNATE EXTERNAL CLOCK ACLKI [lie TAOS/CLKE TRANSMIT ALL ONES SELECT 
TRANSMIT CLOCK TCLK [/2 LLOOP/SCLK LOCAL LOOP BACK 









TRANSMIT POSITIVE PULSE TDATA/TPOS [3 RLOOP/CS REMOTE LOOP BACK 


TRANSMIT NEGATIVE PULSE TCODE /TNEG [/4 LEN2/SDO BIT 2 OF LINE LENGTH SELECT 
MODE SELECTION MODE [[5 LEN1/SDI BIT 1 OF LINE LENGTH SELECT 
RECEIVED NEGATIVE PULSE BPV/RNEG [j6 LENO/ANT BIT 0 OF LINE LENGTH SELECT 
RECEIVED POSITIVE PULSE RDATA/RPOS []7 RGND RECEIVE GROUND 
RECOVERED CLOCK RCLK []8 RV+ RECEIVE V+ (+5VDC) 
CRYSTAL CONNECTION XTALIN [j9 RRING RECEIVE RING 
CRYSTAL CONNECTION XTALOUT []10 RTIP RECEIVE TIP 


DRIVER PERFORMANCE MONITOR AIS/DPM []11 MRING/PCS MONITORED RING 
LOSS OF SIGNAL LOS []12 MTIP/ RCODE MONITORED TIP 
TRANSMIT TIP TTIP (j13 TRING TRANSMIT RING 
TRANSMIT GROUND TGND [14 TV+ TRANSMIT V+ (+5VDC) 





ACLKI 


TCLK TAOS/CLKE 
TDATA/TPOS \ / LLOOP/SCLK 
TCODE/TNEG — \ J ,— RLOOPICS 

Gun Ee ee ES ee ee ee ee ee ee ee 


















MODE [|5 4 3 2 1 28 27 2625|] LEN2/SDO 
BPV/RNEG []6 241] LEN1/SDI 
RDATA/RPOS [| 7 LENO/INT 
RCLK [8 RGND 
XTALIN [9 RV+ 
XTALOUT 17 10 20{] RRING 
RTIP 


peer 12 13 14 15 


Los ~~" / eee | 
| \\—— ampmcone 
TGND TRING 
TV+ , 


Power Supplies 


TV+ - Positive Power Supply, Transmit Drivers, Pin 15. 
Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by 
more than 0.3V. 


TGND - Ground, Transmit Drivers, Pin 14. 
Power supply ground for the transmit drivers; typically 0 volts. 


RV+ - Positive Power Supply, Pin 21. 
Positive power supply for the device, except transmit drivers; typically +5 volts. 
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RGND - Ground, Pin 22. 
Power supply ground for the device, except transmit drivers; typically 0 volts. 


Oscillator 


XTALIN, XTALOUT - Crystal Connections, Pins 9 and 10. 
A 6.176 MHz (8.192 MHz for PCM-30 applications) crystal should be ponnecied across these 
pins. Overdriving the oscillator with an external clock is not POS: See CXT6176/CXT8192 
data sheet for se ee oacenens | 


Control 


MODE - Mode Select, Pin 5. 

Setting MODE to logic 1 puts the CS61535A or CS61535 in the host mode. In the host mode, a 
serial control port is used to control the CS61535A or CS61535 and determine its status. Setting 
MODE to logic 0 puts the CS61535A or CS61535 in the hardware mode, where configuration 
and status are controlled by discrete pins. Floating the MODE pin puts the CS61535A in the 
extended hardware mode, where configuration and status are controlled by discrete pins. When 
floating MODE, there should be no PCB trace attached to the pin. Alternatively, extended 
hardware mode can. be entered by setting MODE to 2. 5 V. MODE defines the status of 13 pins 
(see Table 2). 


Hardware Mode 


TAOS - Transmit All Ones Select, Pin 28. 
Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined 
by ACLKI. In the host mode, simultaneous selection of RLOOP & TAOS enables a factory test 
mode. 


LLOOP - Local Loopback, Pin 27. 
In the CS61535, setting LLOOP toa logic 1 routes the transmit clock and data directly to the 
receive clock and data outputs. In the CS61535A, the transmit clock and data are routed to the 
receive clock and data pins through the jitter attenuator. TCLK and TPOS/TNEG (or TDATA) are 
still transmitted unless overridden by a TAOS request. Inputs on RTIP and RRING are ignored. 


RLOOP - Remote Loopback, Pin 26. | 
Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter 
attenuator (if active) and through the driver back to the line. The recovered signal is also sent to 
RCLK and RPOS/RNEG (or RDATA). Any TAOS request is ignored in the hardware mode. In 
the host mode, simultaneous selection of RLOOP & TAOS enables a factory test mode. 


Simultaneously taking RLOOP and LLOOP high for at least 200 ns initiates a device reset. 


LENO, LEN1, LEN2 - Line Length Selection, Pins 23, 24 and 25. | 
Determines the shape and amplitude of the transmitted pulse to accommodate several cable types 
and lengths. See Table 2 for information on line length selection. 
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Extended Hardware Mode (CS61535A only) 


PCS - Parallel Chip Select, Pin 18. 
Setting PCS high causes the CS61535A to ignore the TCODE, RCODE, LENO, LEN1, LEN2, 
RLOOP, LLOOP and TAOS inputs. 


TCODE - Transmitter Encoder Select, Pin 4. 
Setting TCODE low enables B8ZS or HDB3 zero substitution in the transmitter encoder. Setting 
TCODE high enables the AMI transmitter encoder (see Table 6). 





RCODE - Receiver Decoder Select, Pin 17. 
Setting RCODE low enables B8ZS or HDB3 zero substitution in the receiver decoder. Setting 
RCODE high enables the AMI receiver decoder (see Table 6). 





Host Mode 


INT - Receive Alarm Interrupt, Pin 23. — 
Goes low when LOS or DPM change state to flag the host processor. INT is cleared by writing 
either "clear LOS" or "clear DPM" to the register. If "clear LOS" or "clear DPM" is true, the 
corresponding interrupt is disabled. INT is an open drain output and should be tied to the positive 
supply through a resistor. | 


SDI - Serial Data Input, Pin 24. 
Data for the on-chip registers. Sampled on the rising edge of SCLK. 


SDO - Serial Data Output, Pin 25, | 
Status and control information from the on-chip register. If CLKE is high SDO is valid on the 
rising edge of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. This pin goes to 
a high-impedance state when the serial port is being written to or after bit D7 is output. 


CLKE - Clock Edge, Pin 28. ° | 
Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the falling edge of RCLK, and 
SDO to be valid on the rising edge of SCLK. Conversely, setting CLKE to logic 0 causes RPOS 
and RNEG to be valid on the rising edge of RCLK, and SDO to be valid on the falling edge of 
SCLK. 


SCLK - Serial Clock, Pin 27. oa a 
Clock used to read or write the serial port registers. SCLK can be either high or low when the line 


interface is selected using the CS pin. 


CS - Chip Select, Pin 26. 
Pin must transition from high to low to read or write the serial ports. 
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Inputs 


ACLKI - Alternate External Clock Input, Pin 1. 
_. For the. CS61535, either a 1.544 MHz (or 2.048 MHz for PCM- 30) clock must be input to 
~ ACLKI, which is used to calibrate the receiver clock recovery circuit. In a loss of signal state, the 
clock output, RCLK, will equal the ACLKI frequency. Transmit All Ones Mode frequency is set 
by ACLKI. ACLKI may not be provided by RCLK. 


The CS61535A does not require a clock signal to be input on ACLKI. If a clock is not provided 
on ACLKI, this input must be grounded. If ACLKI is grounded, the oscillator in the jitter 
attenuator is used to calibrate the clock recovery circuit. A signal must be agp on ACLKI if 
transmit all ones is selected. : 


TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data - Pins 2, 
3 and 4. 
Inputs for clock and data to be transmitted. The signal is driven on to the line through TTIP and 
TRING. TPOS and TNEG are sampled on the falling edge of TCLK. A TPOS input causes a 
positive pulse: to be transmitted, while a TNEG input causes a negative pulse to be tans ees 


TDATA- Transmit Data, Pin 3. : 
Input data to be transmitted. TDATA inputs pass siirsagh the line code encoder, and j 1S then driven 
on to the line through TTIP and TRING. TDATA is sampled on the ae a of TCLK. Used 
only in the extended a mode of the eke 


RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20. 
The AMI receive signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up 
- transformer is required on these inputs, as shown in Figure Al in the Applications section. Data 
_ and clock are Tecovered and output on RPODINES OF RDATA) and RCLK. 


MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18. 
These pins are normally connected to TTIP and TRING and monitor the output of a CS61535A 
or CS61535. If the monitors are not used, tying MTIP low and MRING high through a resistor 
will reduce power consumption slightly. If the INT pin in the host mode is used, and the monitor 
. is not used, writing "clear DPM" to the serial interface will inhibit any DPM interrupts. 


Status 


LOS - Loss of Signal, Pin 12. 
LOS goes to a logic 1 when 175 consecutive zeros have been detected. When in the loss of signal 
State, any received ones are output at RPOS/RNEG. In the CS61535, LOS returns to logic zero 
on the first bit received. In the CS61535A, LOS returns to logic 0 when a 12. 5% ones density 
signal returns (determined by receipt of 4 ones 5 Within 32 bit periods). 


DPM - Driver Performance Monitor, Pin 11. 
If no AMI signal is present on MTIP and MRING , DPM goes to a logic 1 until the first detected 
AMI signal. DPM is available only in the CS61535A hardware and host modes. 
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BPV- Bipolar Violation Strobe, Pin 6. 
BPV goes to a logic 1 for one bit period when a bipolar violation is detected in the received 
signal. B&8ZS (or HDB3) zero substitutions are not flagged as bipolar violations if the B8ZS (or 
HDB3) decoder has been enabled. Available only in the extended hardware mode. 


AIS -Alarm Indication Signal, Pin 11. 
AIS goes high when an all-ones condition (blue code) is detected, using the detection criteria of 
less than three zeros out of 2048 bit periods. Available only in the extended hardware mode. 


Outputs 


RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data - Pins 8, 7 
and 6. 
The receiver recovered clock and NRZ digital data is output on these pins. In the hardware mode, 
RPOS and RNEG are stable and valid on the rising edge of RCLK. In the host mode, CLKE 
determines the RCLK edge for which RPOS and RNEG are stable and valid; see Table 5. A 
positive pulse (with respect to ground) received on the RTIP pin generates a logic 1 on RPOS, 
and a positive pulse received on the RRING pin generates a logic 1 on RNEG. 


RDATA - Receive Data - Pin 7. | 
Data recovered from the RTIP and RRING inputs is output at this pin, after being decoded by the 
line code decoder. RDATA is NRZ. RDATA is stable and valid on the falling edge of RCLK. 
Used only in the extended hardware mode. 


TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16. 
The AMI signal is driven to the line through these pins. 


In the CS61535A, this output is designed to drive a 75 Q load. A transformer is required as 
shown in Table A2. 


In the CS61535, this output is designed to drive a 25 © load. A 2:1 step-up transformer is 
required as shown in Table A4. When driving 75 Q coax cable, a 4.4 resistor should be added in 
series with the transformer primary. The transmitter will drive twisted-pair cable, terminated with 
100Q or120 Q, without additional components. 
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APPLICATIONS 


Control | 
“ 
Monitor 


CS61535A_=sO#ATIP 


Or 
CS61535 
RPOS 


RNEG 
RCLK Mode 


Frame 
Format 
Encoder/ | 
Decoder TPOS 
TNEG 

TCLK 

XTALIN 
| XTALOUT 
‘ RGND 









1.544 110 
CS61574 | = 2,048 120 
. 2.048 75 






CS61574A 110 
OR - 120 
CS61575 75 







DEVICE FREQUENCY |CABLE | R1&2| R3&4 Crystal 
MHz Le) 2 $2. | Transformer XTL 
200 
240 
150 


200 
240 
150 


bell 0.47uF R3* 
: LINE 
R4 TRANSMIT 


* Not always required 


Transmit 


CXT6176 
CXT8192 
CXT8192 






CXT6176 
CXT8192 
CXT8192 


Figure Al. Host Mode Configuration 


Line Interface 


Figures A1l-A3 show the typical configurations 
for interfacing the I.C. to a line through transmit 
and receive transformers. Note that the 
CS61535A transmitter transformer requirements 
have changed from those of the CS61535. This 
new transformer allows the CS61535A’s lower 
power driver to be implemented. 


The receiver transformer is center tapped and 
center grounded with resistors between the center 
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tap and each leg on the I.C. side. These resistors 
provide the termination for the line. 


Figures A1-A3 show a 0.47 uF capacitor in series 
with the transmit transformer primary. This 
capacitor is needed to prevent any buildup in the 
core of the transformer due to any DC imbalance 
that may be present at the differential outputs, 
TTIP and TRING. If DC saturates the trans- 
former, a DC offset will result during the 


DS40PP2.1 





28 
ae 
Control | ag | 
: 
Monitor 


Frame 


Format 
Encoder/ 


Decoder 





- CS61535A 







+5V 

+ 1.0uF 
= 16 > TGND 
TAOS RV+ TV+ 

23 

ACLKI LENO eas Line 
RLOOP LEN1 fe Length 
LLOOP LEN2 Setting 
LOS CT 2:1 


ppm CS61535A_ AIP 
MODE or 
CS61535 
RPOS 
RNEG Hardware FRING 
RCLK Mode MTIP 
MRING 


a LINE 
sre 3 RECEIVE 


1 


ee 0.47uF R3* 
16 
: LINE 
R4 TRANSMIT 


* Not always required 


19 
7 


TPOS 
TNEG 
TCLK 





TRING 


TTIP 
XTALIN 
XTALOUT 
RGND 
22 


TGND 
14 


Figure A2. Hardware Mode Configuration 


Control 
& 
Monitor 


Frame 
Format 
Encoder/ 








+5V 
* 4.0uF 
56s TGND 
23 
rae 7 
Length 
|25 | Setting 
19 CT 2:1 
ae LINE 
RECEIVE 
Ais CS61535A 
MODE : Rae thas 
Toone “xtende 
Hardware 
RDATA Mode 0.47uF 
RCLK TRING 16 


LINE 
TRANSMIT 


TDATA 


TTIP ig 


TCLK 

XTALIN 

XTALOUT RGND TGND 
22 14 


Figure A3. Extended Hardware Mode Configuration 
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transmission of a space (zero) as the transformer 
tries to dump the charge and return to equi- 
librium. The blocking capacitor will keep DC 
current from flowing in the transformer. 


Selecting an Oscillator Crystal ’ 


Specific crystal parameters are required for - 


proper operation of the CS61535A and CS61535. 
It is recommended that the CXT6176 from Crys- 
tal Semiconductor be used for T1 applications, 
and that the CXT8192 be used for PCM-30 ap- 
plications. 


Interfacing The CS61535A With the CS2180B 
T1 Transceiver | 


To interface with the CS2180B, connect the 
devices as shown in Figure A4. In this case, the 


CS61535A and CS2180B are in host mode con- - 


trolled by a microprocessor serial interface. If the 
CS61535A is used in hardware mode, then the 
CS61535A RCLK output must be inverted before 
being input to the CS2180B. If the CS61535A is 


used in extended hardware mode, the CS61535A _ 


RCLK output does not need to be inverted before 
being input to the CS2180B. 


TO HOST CONTROLLER 


| 
1.544 MHz 
P}ACLKI CLKE 


CS2180B 


Figure A4, - Interfacing the CS61535A with the 
CS2180B (Host Mode) 
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CS61534 Compatibility 


The CS61535A/61535 and CS61534 are pin com- 
patible. Significant functional differences are the 


jitter tolerance of both transmit and receive sides, 


and more robust jitter attenuation. The greater jit- 
ter tolerance and attenuation in the transmit path 
makes the CS61535A/61535 more suitable for 
CCITT demultiplexing applications where eight 
bits can be dropped from the clock/data stream at 
once. Similarly, the CS61535A/61535 can be ap- 


plied to SONET applications with the addition of 


some external circuitry. 


The main differences between the 
CS61535A/61535 and CS61534 are as follows: 


On the CS61535 and CS61535A, selection of 
LEN 2/1/0 = 0,0,0 changes the voltage at 
which the receiver accepts an input as a pulse 
(slicing level) from 65% to 50% of the peak 
pulse amplitude. Lowering the data slicing 
level will improve receiver sensitivity at long 
cable lengths when the data is jittered. A 50% 
slicing level will also improve crosstalk sen- 
sitivity for channels where received pulses do 
not have undershoot. 


There are differences in the functionality of the 
ACLKI (ACLK) input on the CS61534, 
CS61535 and CS61535A. ACKLI (ACLK) is 
used as the transmit clock in the transmit all 
ones (TAOS) mode. On the CS61535 and 
CS61535A, ACLKI is used as a calibration 
reference for the receiver clock recovery cir- 
cuit and therefore may not be supplied by 
RCLK. On the CS61534, ACLK may be sup- 


_ plied by RCLEK . If an external clock is not 


provide on the ACLKI input of the CS61535A, 
the crystal oscillator is used to calibrate the 
receiver clock recovery circuit. ACLKI on the 
CS61535 must be connected to an external 
timing reference. 


~ On the CS61535 and CS61535A, the host 
mode status register bits 5, 6 and 7 are en- 
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coded so that state changes on LOS and DPM 
may be reported. 


RCLK on the CS61534 has a 50% duty cycle, 
while the CS61535 has a duty cycle which is 
typically over 70%, and the duty cycle and in- 
stantaneous frequency vary with received 
jitter. RCLK on the CS61535A/61535 may ex- 
hibit jitter even when the incoming signal is 
jitter free. 


The CS61535 and CS61535A require 25 ns of 
setup time on TPOS and TNEG before the fall- 
ing edge of TCLK and 25 ns of hold time on 
these inputs after the falling edge of TCLK. 
The CS61534 requires 50 ns of hold time on 
TPOS and TNEG after the falling edge of 
TCL, and 0 ns of setup time. 


DPM and LOS occur after 31 consecutive — 
zeros on the CS61534. For the CS61535A and 
CS61535, DPM occurs after 64+2 consecutive 
zeros and LOS after 175 zeros. 


Since the internal timing circuits of the _ 
CS61535A and CS61535 are continuously. 
calibrated, there is no need to issue a reset to 
initialize the receiver timing as with the 


CS61534. 









6480 to 
193 bit 
(or 256 bit) 


Mapping 
Circuit 







CS2180B 


Empty Write f re. 
FIFO ed 


Using the CS61535A for SONET 


The CS61535A can be applied to SONET VT1.5 
and VT2.0 interface circuits as shown in 
Figure A5. The SONET data rate is 51.84 MHz, 
and has 6480 bits per frame (125 us per frame). 
An individual T1 frame (193 bits per frame) or 
PCM-30 frame (256 bits per frame) has its data 
mapped into the 6480 bit SONET frame. The 
mapping does not result in a uniform spacing be- 
tween sucessive Tl (or PCM-30) bits. Rather, for 
locked VT applications, gaps as large as 24 T1 bit 
periods or 32 PCM-30 bit periods can exist be- 
tween successive bits. With floating VTs, the gaps 
can be even larger. 


The circuit in Figure A5 eliminates the demul- 
tiplexing jitter in a two-step approach. The first 
step uses a FIFO which 1s filled at a 51.84 MHz 
rate (when T1 or PCM-30 bits are present), and 
which is emptied at a sub-multiple of the 51.84 
rate. The FIFO is emptied only when it contains 
data. When the FIFO is empty the output clock is 
not pulsed. 


The sub-multiple rate chosen should be slightly 
faster than the target rate (1.544 or 2.048 MHz), 
but as close to the target rate as possible. For 
locked VT operation, Table Al shows potential 







re Jitter a 
| TPos |_| Attenuator 


7 [ame 
BeOS 
|, RNEG | 


Figure AS. - SONET Application 


DS40PP2 





7 sre @. 
an EE a Ge 6 AE wD 





sub-multiple data rates, and the impact on those 
rates on the maximum gap in the output clock of 
the FIFO, and depth of FIFO required. FIFO 


depth will have to be increased for floating VT. 


operation, with 8 bits of FIFO depth being added 
for each pointer alignment change that can occur. 


The objective that should be met in picking a 
FIFO depth and clock divider is keep the maxi- 
mum gap on the output of the FIFO at 12 bits or 
less. Twelve bits is the maximum jitter which can 
be input to the CS61535A’s jitter attenuator 
without causing the overflow/undeflow protection 
circuit to operate. The CS61535A then removes 
the remaining jitter from the signal. 


The receive path. also requires a bit mapping 
(from 193 or 256 bits to 6480 bits). This mapping 
requires an input buffer with the same depth as 
use on the transmit path. This buffer also absorbs 
the output jitter generated by the CS61535A’s 


digital clock recovery. 
CS61535A Transmitter Transformer 


Target transformer specifications for the 
CS61535A transmitter are given in Table A2. The 
use of other transformer specifications can also 
result in acceptable performance. Table A3 lists 
transformers which have been qualified by Crys- 
tal Semiconductor for use when upgrading 
existing CS61535 boards to the CS61535A. 
Table A4 lists transformers recommended for new 
board designs. The Table A4 transformers provide 
higher isolation performance (as may be required 
for European applications). 


Target Rate| Clock 
_ (MHz) Divider 






et Ra Resultant FIFO Depth 
Di Rate (MHz)| (us) | bits | Required 
fae Ae eee 





- Turns ratios: one | 
1:1.26 +1.5% for 120 ohm G.703 cable 
1:1+1.5% for 75 ohm G.703 cable 
1:1.15+5% for 100 ohm 11 cable. 










Primary inductance: 1.5 mH min measured 
at 772kHz. | 3 “¢ 


_ Primary Leakage inductance: 0.3 wH max 
at 772 kHz with secondary shorted. 


Secondary Leakage Inductance: 0.4 uH max 
at 772 kHz. 


Interwinding capacitance: 18 pF max, primary 
to secondary : : 


ET-constant: 16 V-us minimum for TI ; 
{2 V-us minimum for PCM-30. 


Table A2 CS61535A Transmitter Transformer 
Specifications 


CS61535A and CS61535 Receiver Transformers 


The receiver uses a 1:1:1 + 5% transformer, Since 


pulse shapes are not measured at the receiver, the 


receive transformer specifications are not critical. 
Specifications similar to that for the CS61535 
transmitter transformer (Table A5) provide excel- 
lent performance. 


CS61535 Transmit Transformers 


Key CS61535 transmit transformer specifications 
are given in Table A5. Transformers listed in 
Table A6 have been found to be suitable for use 
with the CS61535. Figure A6 shows the connec- 
tions for some of the recommended transformers 
for the transmitter. 






Te) 28 





Table Al. - Locked VT FIFO Analysis 
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Transformer Used with 
CS61535 


Vendor Part Number 












Pulse Eng. | PE-64931 
Schott 67112060 
Schott 67115100 


Application 


PCM-30 PE 65400 
75 2 

PCM-30 Pulse Eng. PE 65401 
120 


CS61535A 







Transformer for Use 
with CS61535A 





PE-65387 
67124980 


Pulse Eng. 
Schott 





Table A3. CS61535A Transmitter Transformers for existing CS61535 boards 


PE-65388 
11 






Pulse Eng. 
Schott 






67124840 












PE-65389 
67124850 


Pulse Eng. 
Schott 






Table A4. CS61535A Transmit Transformers for New 
Designs 


Turns ratio: 1:2 (or 1:1:1) + 5%. 


Primary inductance: 600 1H min measured 
at 772 kHz. 


Leakage inductance: 1.3 wH max at 772 kHz 
with secondary shorted. 


Secondary leakage inductance: 0.4 wH max 
at 772 kHz. 


Interwinding capacitance: 23 pF max, 
primary to secondary. 


ET-constant: 16 V-us minimum for T1; 
12 V-us minimum for PCM-30. 


Table AS - Transformer Specifications for CS61535A 
Receiver and CS61535 
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Pane 
Pulse Engineering 
Pulse Engineering 
Schott Corp 


0553-5006-IC 


6500-07-0001 
671-5832 


Note: The Pulse Eng. 1682x and 5764 are still ac- 
ceptable, but the other Pulse Engineering trans- 
formers are preferred. The Schott 67112060 is still 
acceptable, but the above Schott transformers are 
preferred. 


Schott Corp. 
Bell Fuse 

Nova Magnetics 
Midcom 





Table A6. Suitable Transformers for CS61535A 
Receiver and CS61535 


3 

IC 4 LINE 

SIDE 5 SIDE 
E 6 


Pulse Engineering 5764 & PE-64931 
Bell Fuse 0553-5006-16 
Schott 67115100 


Figure A6. Some Recommended CS61535 Transmitter 
Transformer Configurations 
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T1 Line Interface 


Features General Description 


® Provides Analog T1 Line Interface The CS61544 combines the analog transmit and 
receive line interface functions for a T1 system interface 

‘ : in one 28 pin device. The T1 line interface operates 

° Fully Compatible with CB119, from a single 5V supply, is transparent to the T1 framing 
Publication 43802, & TR-TSY-000009 format, and can work with ABAM and other cable types. 
















® Programmable Pulse-Shaping Line Crystal's SMART Analog™ circuitry shapes the trans- 
Driver mit pulse internally, providing the appropriate pulse 
shape at the DSX-1 cross-connect for the line lengths 
Be ranging from 0 to 655 feet. Maximum range is greater 
e Performs Data and Timing Recovery than 1500 feet. The transmitter uses an elastic store to 
remove jitter from the outgoing data prior to transmis- 
® Implements ISDN Primary Rate and sion. 
@ Diagnostic and Performance Monitoring * Interfacing Networking Equipment such as M13 Mul- 
Derr to a DSX-1 Cross Connect. 
Features 
: iniedacing fiber optic transmission equipment to T1 
® Selectable BBZS Encode/Decode lines. 
ele ORDERING INFORMATION 
° Jitter Attenuator CS61544-IP - 28 Pin Plastic DIP 
| oe CS61544-ID - 28PinCerdip 
® 3 Micron CMOS for High Reliability CS61544-IL_ = - +28 Pin PLCC (j-leads) 
Block Diagram 
ACLK XTALOUT XTALIN B8ZS TAOS LENO LEN1 LEN2 TGND TV+ 
To 76 5. 74 r 28 723724725 9143 15 
LINE 
eee oe rea DRIVER'S __ 
a JITTER TRANSMIT 
TDATAe Ee ATTENUATOR a CONTROL | SHAPER 
8 TRING 
LOOP RECOVERY NE RIVER 
ee | ®, RTIP 
RECEIVE + —— RECOVERY 
RDATA « CONTROL 0. RRING 
10 SIGNAL 
if OLAR DRIVER ie MTIP 
meayn MONITOR MONITOR eee 
274 426 73 113 8% 21% 22% 
LLOOP RLOOP RAOS BVS LOS RV+ RGND 
Crystal Semiconductor Corporation JUL ’90 
P. O. Box 17847, Austin, Texas 78760 DS11F4 


(512) 445-7222 FAX: (512) 445-7581 3-113 
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ABSOLUTE MAXIMUM RATINGS 


_ Symbol eae Se 
DC Supply. —S_ (referencedto GND) | Ava, TV+ ee ee ee 
Input Voltage, Any Pin | (Note 1) | Vin RGND-0.3 RV++0.3 


Input Current, Any Pin (Note1&2) | tin | = | tT 
—_ ae Re a a 
a 















Ambient Operating Temperature 
Storage Temperature a 


Notes: 1. Excluding RTIP and RRING. 
2. Transient currents of up to 100 mA will not cause SCR latch-up. 
WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
_ Normal operation is not nguarameee at these extremes. 


RECOMMENDED OPERATING CONDITIONS 


Total Power Dissipation 
100% ones density & max. line Pos ey 2 25 Vv. 


Notes: 3. TV+ must not exceed RV+ by more than 0. 3V. 
4. Power dissipation while driving 25Q load, over operating emperamre range. 
Includes CS61544 and load. 





DIGITAL CHARACTERISTICS (ta =-40°C to 85 °C: V4 = 5.0V #5%: GND = OV) 


i 














High-Level Input Voltage Pins 1-5, 7, 23 - 28 ae 
Low-Level Input Voltage Pins 1-5, 7, 23 - 28 V | 
High-Level Output Voltage (Note 5) 1 Vou | eae 
Cow vat Ou uh Velage is — 
ow-Level Output care (Note 5) 

ise Gm eee ee ee 
nput Leekage Care Seana SN HC 


Note: 5. Output drivers will output CMOS logic levels into a CMOS load. 


Specifications are subject to change without notice. 
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ANALOG CHARACTERISTICS (Ta = -40°C to +85°C; V+ = 5.0V +5%; GND = OV) 








AMI Output Pulse Amplitudes | Measured at the DSX 


Load Presented to Transmitter Output (Note 6) P= fee f= | ohms 
Power in 2kHz band about 772kHz (Note 7) 12.6 17.9 
Power in 2kHz band about 1.554MHz 

(referenced to power at 772kHz) (Note 7) -38 


Positive to Negative Pulse Imbalance (Note 7) 












Input Jitter Tolerance- Transmitter 


Jitter Attenuation Curve Corner Frequency (Note 8) 






Loss of Signal Threshold 









Receiver Sensitivity Below DSX-1 (2.4V) 


Receiver Jitter Tolerance (Note 9) 
8kHz - 40KHz 


10Hz - 500Hz 


Notes: 6. On the CS61544 side of the 2:1 transformer, with a 100Q impedance line attached to the secondary. 

. Typical performance with 0.47 uF capacitor in series with primary of transmitter output transformer. 
Not production tested. Parameters guaranteed by design and characterization. 

. Crystal pull range: + 200 ppm. Five unit intervals of input jitter. 

Slope above corner frequency is -20dB/decade. See Figure 5. 

. For CERDIP ICs, assumes IC is operated within -70° to +70° C of reset temperature. For Plastic ICs, 
assumes IC is operated within -25° to +40° C of reset temperature (meets Bellcore central office 
specification: TR-EOP-000063 NEBS). For all packages, assumes IC is operated within 0.1 V of reset 
V+. Input data pattern is quasi-random: (2720) - 1 with 1-in-15. Between 500 Hz and 8 kHz the jitter 
tolerance will be better than the AT&T 43802 line shown in Figure 7. 
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SWITCHING CHARACTERISTICS (Ta = -40°C to +85°C; V+ = 5.0V +5%; GND = OV; Inputs: 
Logic0=O0V,Logic1=RV+) = > i : | a 












Fall Time, All Digital Outputs 


TDATA to TCLK Falling Setup Time 
TCLK Falling to TDATA Hold Time Poth | 5 
RDATA to RCLK Rising Setup Time lS ae 


RCLK Rising to RDATA Hold Time | . 


Reset Pulse Duration 


Notes: 10. Crystal must meet specifications described in CXT6176 data sheet. 
11. ACLK provided by an external source or TCLK. . mes oa 
12. The sum of the pulse widths must always meet the frequency specifications. _ 
13. Duty cycle is (town / (tpwh+tpwi))+100%. oe | 
14. At maximum load of 1.6mA and 50pF. 





Any Digital Output ar 2.0V 


Figure 1 - Signal Rise and Fall Characteristics 


t t owl a 


pwh 


RCLK 


Figure 2 - Clock Signal Quality 


TCLK RCLK 
tsu J th tsu | th 
TDATA RDATA 


Figure 3 - Switching Characteristics 


Note that when externally looping RCLK back into TCLK, RCLK must be inverted. 
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THEORY OF OPERATION 
Transmitter 


The transmitter takes binary (unipolar) data from 
a T1 terminal and produces alternate bipolar pul- 
ses of appropriate shape. The transmit clock and 
transmit data (TCLK, TDATA) are supplied 
synchronously. Data is sampled on the falling 
edge of the input clock. 


Line lengths from 0 to 655 feet (as measured 
from the CS61544 to the DSX-1 cross connect) 
are selectable. Pulse shaping and signal level are 
determined by "line length select" inputs and re- 
quire no external circuitry. Pulse shaping is ac- 
complished with a slew-rate-controlled fast digi- 
tal-to-analog converter. Alternate mark inversion 
operation is implemented by driving the line in a 
true differential manner. In order to achieve the 
necessary line voltages, which exceed the 5 volt 
supply, a two-to-one, step-up transformer is re- 
quired. The line driver drives a 25Q equivalent 
load. 


To place the device in a low power dissipation 
mode (i.e., to disable the drive), the B8ZS and 
TDATA should be held low while TCLK con- 
tinues to be input. When any transmit control pin 
(TAOS, LENO, LEN1, LEN2, LLOOP, or 
RLOOP) is toggled, the transmitter stabilizes 
within 16 bit periods. 


B8ZS coding can be inserted into the data stream 
using the B8ZS select feature. This feature 
replaces every string of eight consecutive zeros 
with a pulse train containing bipolar violations. 
The violations can then be decoded at the receive 
end and the original data recovered. 


Transmit Line Length Selection 


Line length selection can be controlled by an in- 
telligent controller or hard-wired with a switch 
which is set at the time of installation. The line 
length selection supports both a three-partition ar- 
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rangement for ICOT and MAT cable, and a five- 
partition arrangement for ABAM cable as shown 
in Table 1. For each line length selected, the 
CS61544 modifies the output pulse to meet the 
requirements of Compatibility Bulletin 119 and 
TR-TS Y-000009. A typical output pulse is shown 
in Figure 4. 


LINE LENGTH SELECTED 
LEN1 | LENO (FEET) CABLE TYPE 


0-220 ‘MAT 
and 
440-655 ICOT 


0-133 
pS 133-266 | aBAM 
1 266-399 (AT&T 


1 
1 1 
1 


600B & 600C 


real 

aes 

ie 

Eo 

508685 series) 
Table 1 - Line Length Selection 


NORMALIZED 
AMPLITUDE 






\ AT&T CB119 
| SPECIFICATION 
i 


0.5 


cseis44_ 4" \ fe 
OUTPUT} 
PULSE SHAPE 


Liceemomamemamanmes 





0 250 500 750 1000 
TIME (nanoseconds) 


Figure 4 - Typical Pulse Shape at DSX-1 
Cross Connect 
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Transmit Jitter Attenuator 


The 61544 will tolerate and attenuate at least 
seven unit intervals of jitter (peak-to-peak) from a 
Tl signal. Figure 5 shows a family of curves 
which show the jitter attenuation achieved by the 
61544. Each curve shows the jitter attenuation for 
a signal with constant jitter amplitude over a 
range of jitter frequencies. The more jitter a sig- 
nal has, the more the jitter is attenuated. The jitter 
attenuator on the transmitter side meets the jitter 
attenuation and input tolerance specifications of 
AT&T Publication 43802, as shown in Figures 6 
and 7. at, 


JITTER 
GAIN 
(dB) 


UNIT INTERVALS 
OF INPUT JITTER 


-20 


a Measurements made at 


1.544MHz with 6.176MHz 
-40 + 200ppm crystal. . 


dB 
10 100 1k 10k (Hz) 


Figure 5 - CS61544 Jitter Attenuation Curves 












JITTER 
GAIN 
(dB) 
oe cane epee \. BELL SYSTEM 
PUB 43802 
ae 20dB/ \ SPECIFICATION 
decade 
20 x 
: CS6 1544 ; \ Input of five 
PERFORMANCE x unit intervals 
-30 \ of jitter at all 
\. frequencies. 
NY 
-40 = 


10 100 1k 10k 
JITTER FREQUENCY (Hz) 


Figure 6 - Jitter Attenuation Characteristics 
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UNIT 
INTERVALS 3 CS61544 
. | \ TRANSMITTER 
19 steeneneenereses i seeeceeeerenrenseesees Nigoceceees PERFORMANCE 7" 
« ; H : XN H 
TO-PEAK 3 at cl tata : za alt a haa es a] aa Noe eee ee ee OS e lee * 
(SINUSOIDAL) i =\. cse1s44 
JITTER \ RECEIVER 
AMPLITUDE 1 ee en Sor eee ee -- PERFORMANCE 
UNIT - 4 eae ae , 
INTERVALS AT&T \ NE 
O.hrcrrereeeeeeececeeeeeee pesetecesvees 43802 AL. x TT agescsereeeetees 
SRSA e Sates 
O.A frrcrrsecceccresstecceefesceeccceesen gag cp oa 
OK 3 





1 1 
JITTER FREQUENCY (Hz) 


Figure 7 - Typical Input Jitter Tolerance of . 
_ Transmitter and Receiver 


The external reference crystal used by the jitter 
attenuator should have a nominal frequency of 
6.176 MHz, and have a pull range, in the oscil- 
lator circuit, that is sufficient to meet the frequen- 
cy tolerance requirements specified for the sys- 
tem. Furthermore, the frequency tolerance must 
be met over all operating temperatures. The jitter 
attenuator can be disabled by driving XTALIN 
with a clock which is exactly four times the 
TCLK frequency. Remote loopback should not be 
used if the jitter attenuator is disabled. 


Transmit All Ones Select 


The transmitter provides for all ones insertion at 
the frequency of the alternate clock input, ACLK. 
(The transmit clock can be used as the alternate 
clock by connecting pins 1 and 2 together). 
Transmit all ones is selected when TAOS goes 
high, and causes continuous ones to be trans- 
mitted on the line (TTIP and TRING) using the 
alternate clock. The TDATA and TCLK inputs are 
ignored. If Remote Loopback is in effect, any 
TAOS request will be ignored. 
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Receiver 


The receiver extracts data and clock from an AMI 
(Alternate Mark Inversion) coded signal and out- 
puts clock and synchronized data. The receiver is 
sensitive to signals over the entire range of cable 
lengths and requires no equalization or ALBO 
(Automatic Line Build Out) circuits. The signal is 
received on both ends of a center-tapped, center- 
grounded transformer. The transformer is center 
tapped on the CS61544 side. Data on RDATA is 
stable and may be sampled on the rising edge of 
the recovered clock, RCLK. The clock and data 
recovery circuit meets or exceeds the jitter 
tolerance specifications of Publication 43802. 


The two leads of the receiver transformer have 
opposite polarity and drive the receiver inputs 
RTIP and RRING differentially. Comparators 
detect pulses on RTIP and RRING. The com- 
parator thresholds are dynamically established by 
peak detectors. 


Clock recovery is achieved through a frequency 
and phase lock loop (FPLL). Upon power up and 
reset of the CS61544, and prior to the start of 
clock acquisition, the FPLL has its center fre- 
quency trained. A current controlled oscillator 
(ICO) is trained relative to the crystal oscillator 
frequency reference. The current is adjusted until 
the ICO frequency is near the reference frequen- 
cy. This current is then held constant. The FPLL 
has small signal control from the output of the 
phase detector and loop filter, which takes the 
form of a current. This is added to the fixed cur- 
rent to modulate the ICO about the center fre- 
quency and close the loop. The FPLL is insensi- 
tive to variations in temperature and slight varia- 
tions in power supply voltage as shown in the 
Analog Specifications table, but fairly large chan- 
ges in power supply voltage will change the con- 
trol current in the FPLL, reducing its effective- 
ness. Resetting the CS61544 will optimize 
receiver performance for the operating power 
supply and temperature. 
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The received signal is monitored to detect bipolar 
violations. If a bipolar violation is detected, a 
positive strobe (BVS) is output with a width of 
one half the clock period. 


The receiver has the capability to decode signals 
which have been transmitted with B8ZS bipolar 
violations. This feature is enabled when B8ZS 
(pin 4) goes high. Recovered data is processed by 
B8ZS decode (if enabled) and sent to the output. 
The bipolar violation detection algorithm is also 
modified to not detect the B8ZS encoded viola- 
tion as an error. 


Loss of Signal 


The receiver reports loss of the received signal on 
the Loss of Signal pin, LOS. The threshold for 
loss of signal is 0.5 volts. A loss of signal will be 
indicated within 200 bit periods if an active signal 
falls below the threshold. In the event that the 
input signal drops to zero volts, the loss of signal 
will be indicated within 31 bit periods. When a 
loss of signal is detected, RDATA is not valid, but 
the receiver will continue to try to recover data. 
LOS will return to a low state when a valid signal 
returns to RTIP and RRING. RCLK is always 
Output, but may drift up to + 6% from 1.544 
MHz. | a 


Receive All Ones Select 


Receive all ones is selected when RAOS goes 
high. If receive all ones is selected when the local 
loopback is not in effect, continuous ones are sent 
to RDATA using the alternate clock, ACLK, for 
timing. The alternate clock, ACLK, is sent to 
RCLK. (The transmit clock, TCLK, can be used 
as the alternate clock by connecting pins 1 and 2 
together.) If it is desirable to have all ones 
automatically replace recovered data (at RDATA) 
upon loss of signal, then RAOS and LOS should 
be tied together (pins 7 and 8). 
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Local Loopback 


The local loopback mode bypasses the receive 
circuit and routes the digital transmit clock and 
data to the receive clock and data pins. A local 
loopback occurs in response to LLOOP going 
high. Any RAOS request is overridden (see Table 
2). The transmit clock and data signals, TCLK 


and TDATA are sent out on the line through TTIP 


and TRING unless transmit all ones, TAOS, is 
selected, in which case continuous ones are trans- 
mitted on the line at the rate determined by 
ACLK. 


LLOOP Source of 
Clock for 


RCLOCK | 


Source of 


Input Data for 
Signai i 


Table 2 - Interaction of LLOOP and RAOS © 


Remote Loopback 


In remote loopback, the recovered clock and data 


input on RTIP and RRING are sent through the 
elastic store to remove jitter, and back out on the 
line via TTIP and TRING. Selecting remote loop- 
back overrides any TAOS request (see Table 3). 
The recovered incoming signals are also sent to 


Sauce of 
_ Clock for’ 
TTIP & TRING | TTIP & TRING 


RLOOP | TAOS 
Input Input 
Signal Signal 


_ Source of 





Notes: - 7 na 

1. X- Don’t care. The identified All Ones Select input is 
ignored when the indicated loopback is in effect. 

2. Logic 1 indicated that Loopback or All Ones option is 
selected. 


Table 3 - Interaction of RLOOP and TAOS 





RCLK and RDATA unless receive all ones 
(RAOS) is selected, in which case continuous 
ones and an alternate clock are sent to RDATA 
and RCLK. Remote loopback occurs in response. 
to RLOOP going high. Simultaneous selection of 
local and remote loopback modes is not valid (see 
Reset). | : . 


Driver Performance Monitor 


To aid in early detection and easy isolation of 
nonfunctioning T1 links, the CS61544 is able to 
monitor transmit drive performance and report 
when the driver is no longer operational. This fea- 
ture can be used to monitor either the device’s 
performance or the performance of a neighboring 
CS61544. The driver performance monitor in- 
dicator is normally at a low (zero) logic level, and. 
goes to high level upon detecting driver failure. _ 


The driver performance monitor consists of a 
receiver that monitors the transmitted signal on 
input pins, MTIP and MRING. If no signal is 
present on MTIP and MRING for between 15 to 
31 clock cycles, the DPM pin goes high. 


To provide immunity from spurious DPM reports, 
the following application procedure is recom- 
mended: If the controller on the T1 line card 
detects that DPM has hone high before taking ac- 
tions to respond to the driver failure. The intent of 
the reconfirmation is to screen out events where 
DPM goes high for a few bit periods, erroneously 
indicating a driver problem. This situation can 
occur only when ones density is very low. 


Whenever more than one CS61544 reside on the 
same circuit board, the effectiveness of the driver 
performance monitor can be maximized by 
having each CS61544 monitor performance of a 
neighboring CS61544 device, rather than having 
it monitor its own performance. | | 
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Reset 


The CS61544 initiates internal reset procedures 
either upon power up or in response to a reset re- 
quest. After initial power up, the device will delay 
for approximately 10 ms before initiating the 
training proceedure for the FPLL. It is advisable 
to issue a reset request after the power supply has 
stabilized and signals have been applied to the 
device to insure that conditions on the chip are 
stable before FPLL training takes place. Training 
the FPLL takes at most 43 ms, but typically re- 
quires less than half that amount of time. These 
conditions should also be adhered to if temporary 
loss of power supply occurs. 


A reset request is made by simultaneously setting 
both RLOOP and LLOOP high for a period not to 
exceed 2 ms. Reset will be completed within 53 
ms after the falling edge of the reset request (fall- 
ing edge of RLOOP and LLOOP). 


During the reset procedure, the loss of signal in- 
dicator is high. Once the reset procedures are 
completed, the loss of signal indicator goes low, 
signifying that normal operation of the device has 
begun. 


Power Supply 


The device operates from a single 5 volt supply. 
Separate pins for transmit and receive supplies 
provide internal isolation. However these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. 
These capacitors should be located physically 
close to the device. TV+ must not exceed RV+ by 
more than 0.3V. | 


Decoupling and filtering of the power supplies is 
crucial for the proper operation of the analog cir- 
cuits in both the transmit and receive paths. The 
best way to configure the power supplies is to tie 
TV+ to RV+ at the chip. A 1.0 UF capacitor 
should be connected between TV+ and TGND, 
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and a 0.1 uF capacitor should be connected be- 
tween RV+ and RGND. Use mylar or ceramic 
capacitors and place them as closely as possible 
to their respective power supply pins. A 68 LF 
tantalum capacitor should be added close to the 
RV+/RGND supply. If TV+ and RV+ are sup- 
plied by different traces, 68 LF capacitors should 
be used on both supplies. Wire wrap breadboard- 
ing of the CS61544 is not recommended because 
lead resistance and inductance serve to defeat the 
function of the decoupling capacitors. 
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PIN DESCRIPTIONS. 


ALTERNATE EXTERNAL CLOCK  ACLK [[e\_/ 28 TAOS ~—s TRANSMIT ALL ONES SELECT 
- TRANSMITCLOCK —-TCLK [2 27 LLOOP + LOCAL LOOPBACK 
TRANSMIT DATA TDATA [8 267] RLOOP + REMOTE LOOPBACK 
B8ZS ENABLE _—iB8Zs [14 250 LEN2. ~—CBIT 2 OF LINELENGTH SELECT 
CRYSTAL INPUT2 XTALIN [5 24 LEN1 —BIT 1 OF LINE LENGTH SELECT 
-. CRYSTAL INPUT 1 XTALOUT (6 230 LENO —BIT 0 OF LINE LENGTH SELECT 
RECEIVE ALLONES SELECT  RAOS [7 221] RGND. RECEIVEGROUND ~ 
LOSS OF SIGNAL Los cs 210 RV+ RECEIVE V+ (+5V DC) 
RECOVERED CLOCK _RCLK [9 RRING RECEIVE RING 
RECEIVE DATA RDATA RTIP RECEIVE TIP 
BIPOLAR VIOLATION STROBE BVS [11 MRING MONITORED RING 
DRIVER PERFORMANCE MONITOR DPM (i2 ‘70 MTIP §MONITOREDTIP 
TRANSMIT TIP TTIP C13. = 16) TRING. ~—s TRANSMIT RING - 
TRANSMITGROUND TGND [14 — 15] TV+ TRANSMIT V+ (+5V DC) 















ACLK 





TCLK \ TAOS: 
TDATA \ / LLOOP 
B8ZS —~_ \ \ 4 _¢—— RLOOP 
XTALIN LEN2 
XTALOUT LEN1 
RAOS LENO | 
LOS RGND 
RCLK RV+ 
RDATA RRING 
BVS RTIP 
DPM — “—— MRING 
TTIP wy oa MTIP . 
TGND : TRING 
TV+. 


Power Supplies 


T'V+ - Positive Power Supply, Transmit Drivers, Pin 15. 


Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by 
more than 0.3V. 


TGND - Ground, Transmit Drivers, Pin 14. 
Power supply ground for the transmit drivers; typically 0 volts. 


RV+ - Positive Power Supply, Pin 21. 
Positive power supply for the device, except transmit drivers: typically +5 volts. 
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RGND - Ground, Pin 22. 
Power supply ground for the device, except transmit drivers; typically 0 volts. 


Oscillator 


XTALIN, XTALOUT - Crystal Inputs, Pins 5 and 6. 
A 6.176 MHz crystal should be connected across these pins. An externally generated 6.176 MHz 
clock signal may be put into the XTALIN pin, disabling the jitter attenuator. This clock must be 
exactly four times the frequency at TCLK. See the CXT6176 data sheet for more information on 
crystals. 


Control 


B8ZS - B8ZS Encoding Enable, Pin 4. 
Setting B8ZS to a logic 1 enables B8ZS encoding of the transmit data and B8ZS decoding of the 
receive data. 


RAOS - Receive All Ones Select, Pin 7. 
Setting RAOS to a logic 1 causes continuous ones to be sent to RDATA at the frequency 
determined by ACLK. 


TAOS - Transmit All Ones Select, Pin 28. 
Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined 
by ACLK. | 


LLOOP - Local Loopback, Pin 27. 
Setting LLOOP to a logic 1 routes the transmit clock and data to the receive clock and data pins, 
bypassing the receive circuit. Any RAOS request is ignored. TCLK and TDATA are still 
transmitted unless overridden by a TAOS request. 


RLOOP - Remote Loopback, Pin 26. | 
Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter 
attenuator and through the driver back to the line. The recovered signal is also sent to RCLK and 
RDATA unless overridden by a RAOS request. Any TAOS request is ignored. If the oscillator is 
being driven with a 4X clock, the remote loopback function is not possible. 


Simultaneously taking RLOOP and LLOOP high for less than 2 ms initiates a device reset. 


LENO, LEN1, LEN2 - Line Length Selection, Pins 23, 24 and 25. 
Determines the shape and amplitude of the transmitted pulse to accomodate several cable types 
and lengths. See Table 1 for information on line length selection. 


Inputs 


ACLK - Alternate External Clock, Pin 1. 
This input should be tied to TCLK or some other externally generated 1.544 MHz clock. The 
frequency of ACLK determines the rate at which TAOS and RAOS are output. 
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TCLK, TDATA - Transmit Clock, Transmit Data, Pins 2 and 3. | | 
Inputs for clock and data to be transmitted. Signal jitter is attenuated and the signal is driven on 
to the line through TTIP and TRING. TDATA is sampled on the falling edge of TCLK. 


RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20. 
The receive AMI signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up 


transformer is required on these inputs, as shown in Figure A3. Data and clock are recovered and 
output on RDATA and RCLK. 


MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18. 
These pins are normally connected to TTIP and TRING and monitor the output of a CS61544. If 
the monitors are not used, tying MTIP low and MRING high through a resistor will reduce power 
consumption slightly. | 


Outputs 


RCLK, RDATA - Recovered Ciock, Receive Data, Pins 9 and 10. 


Data and clock are recovered from the RTIP and RRING inputs and output at these pins. RDATA 
is valid on the rising edge of RCLK. 


TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16. 
The AMI, T1 signal is driven to the line through these pins. This output is designed to drive a 
25Q load. A 2:1 step-up transformer is required to drive the line as shown in Figure A1. 


Status 


LOS - Loss of Signal, Pin 8. 
LOS goes to a logic 1 when the received signal falls BeIow a 0.5 volt threshold, or after 31 clock 
cycles with out a detected one. LOS returns to logic 0 when the signal returns. 


BVS - Bipolar Violation Strobe, Pin 11. 
BVS goes to a logic 1 when a bipolar violation is detected in the received signal. The strobe is 
approximatly 324 ns wide and aligned with the rising edge of RCLK. The strobe will occur 
concurrently with the RDATA output for which the violation was detected. The bipolar violation 
detection algorithm is modified when B8ZS is selected to accept B8ZS encoded data. 


DPM - Driver Performance Monitor, Pin 12. 


If no signal is present on MTIP and MRING for between 15 to 2 clock VCRs: DPM goes: toa 
Togic 1 until the first detected ee : 
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APPLICATIONS 
Selecting an Oscillator Crystal 


Specific crystal parameters are required for 
proper operation of the CS61544. It is recom- 
mended that the Crystal Semiconductor 
CXT6176 be used with the CS61544. 


General Applications 


Figure Al shows the typical configuration for the 
CS61544, including transmit and receive trans- 
formers. The receiver transformer is center tapped 
and center grounded with 200Q resistors between 
the center tap and each leg on the CS61544 side. 
These resistors provide the 100Q termination for 
the T1 line. Line Length Select pins are shown in 
a manual switching configuration. These inputs 
can be controlled by logic circuitry if desired. 


+5V 
INPUT 


1.544 MHz CLOCK 















TI TCLK LLOOP |] 100k 0. 
INPUT T1 DATA [TITDATA = =RLOOP[] 
+5V AAA-O [| B8zs LEN2 1] 3 
ue CXTAUN LENE 
Cc) 


O O90 '00'*0 





6.176 MHz [}XTALOUT LENO] 
OV 0.1uUF 
T|RAOS RGND [] o 
RECOVERED [/LOs RV+ 1 a 


cs 


1.544 MHz CLOCK Ti RCLK RRING 


| |RDATA RTIP 
pas Ver | |BVS MRING 
|| DPM MTIP 
| TTIP TRING 
TV+ 


a 2:1 

o TT LINE 
a eel: RECEIVE 
a 

rH = | T1 LINE 

DH | ‘47UF 3 TRANSMIT 


1:2 
+5V 
Figure Al. Typical Configuration 

Showing Line Interface 


Transformers 


Transformers listed in Table Al have been found 
to be suitable for use with the CS61544. Figure 
A2 shows the connections for some of the trans- 
formers mentioned in the Table Al. The trans- 
formers should be placed physically close to the 
CS61544. 






Manufacturer [Pat _—*t 
Pulse Engineering 
Pulse Engineering 
Schott Corp 
Schott Corp. 68115090 (dual) 

Bell Fuse 
Nova Magnetics 
Midcom 


Note: The Pulse Eng. 1682x and 5764 are still acceptable, 

but the above Pulse Engineering transformers are preferred. 
The Schott 67112060 is still acceptable, but the above Schott 
transformers are preferred. 














Table Al. Suitable Transformers 


IC 
SIDE 





Bell Fuse 0553-5006-IC 
Schott Corp. 67115100 
Pulse Engineering 5764 & PE-64931 


Figure A2. Transmitter Transformer Configuration 


Key transmit transformer specifications are: 
Turns ratio: 1:2 (or 1:1:1)+5% 


Primary inductance: 600 4H min measured at 
772 khz 


Leakage inductance: 1.3 WH max at 772 kHz with 
secondary shorted 


Secondary leakage inductance: 0.4 WH max at 
772 kHz. 


Interwinding capacitance: 23 pF max, primary to 
secondary 


ET-Constant: 16 V-us min for T1; 


To save on power consumption under normal 
operating conditions, the output drivers are 
powered down during the transmission of a space 
(zero) on to the line. Approximately one quarter 
cycle prior to transmitting a mark (one), the 
drivers are enabled. The transformer, interacting 
with the driver, can cause a slight voltage dif- 
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Figure A3. Receiver Jitter Attenuation 


ference (<200 mV) between the driven zero and 
the non-driven zero. We recommend that this ef- 
fect be eliminated by inserting a 0.47 LF non- 
polarized capacitor in series with the primary of 
the transformer. - 


Receive Side Jitter Attenuation 


In some applications it is desirable to attenuate 
jitter from the received signal. A CS61600 PCM 
jitter attenuator can be used to remove at least 
seven unit intervals of jitter from the recovered 
clock and data as shown in Figure A3. _ 


Maintaining Recovered Clock 


Figure A3 also shows how the recovered clock, 
RCLK, can be. maintained within desired 
specifications in the event that the received AMI 
signal is lost. This design requires a locally 
generated 1.544 MHz clock whose frequency is 
within the required system specifications. This 
clock is input to the ACLK input of the CS61544. 
The loss of signal output, LOS, is connected to 
the receive all ones select input, RAOS. 


If the AMI signal is lost, the LOS signal goes 
high, taking RAOS high, directing the CS61544 
to output all ones at RDATA at the frequency 
determined by ACLK (i.e. RCLK = ACLK). The 
CS61600 will buffer any instantaneous phase or 
frequency change at the RCLK and RDATA pins, 
retaining clock integrity. This type of circuit 1s 
necessary since the frequency/phase lock loop in 





the CS61544 may drift when the AMI signal is 


lost. 
e PABx 
e DATA PBx 
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Figure A4. Applicable Types of Connection 





61544 


61544 
MI3 


_{Multiplexor | 


If the receiver input returns, LOS goes low, 
deselecting RAOS, and returning the circuit to its 
normal operating status. It is important to note 
that LOS will go low as soon as a valid pulse is 
detected, which is before the receiver has locked 


onto the incoming signal. It is advisable to delay 


the transition from RAOS to the receiver output 
for a few milliseconds after LOS indicates receipt 
of signal. 


Applicable Systems 


Figure A4 shows a T1 span from a customer 
premises location through a TELCO DSX-1 cross 


- connect. As shown in Figure A4, the CS61544 is 


applicable in customer premises systems that in- 
terconnect to a channel service unit (CSU), and is 
applicable in network equipment that connects to 
a DSX-1 cross connect. 7 
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CS2180A CS61544 


RPOS RDATA 
RNEG 
RCLK O RCLK 





TCR.7 = 1 


Figure A5. Interfacing CS61544 with CS2180A 


Interfacing The CS61544 With T1 Digital 
Transceivers 





To interface with the CS2180A, connect the 
devices as shown in Figure A5. When RPOS is 
tied to RNEG, B8ZS encoding/decoding and 
bipolar violation detection functions are per- 
formed by the CS61544. 


Test and Evaluation of the CS61544 


When connecting the receive clock and data, 
RCLK and RDATA, to the transmit clock and 
data, TCLK and TDATA, of the CS16544, be sure 
to invert the clock signal. 


Transmitter or Receiver Function Only 


If the CS61544 is used for transmit only, tie RTIP 
and RRING high through a resistor, ground 
RAOS, RLOOP, and LLOOP, and float the out- 
puts. To configure the device for receive only, 
float TTIP, TRING, TV+ and TGND, ground 
TAOS, TCLK, TDATA, RLOOP, LLOOP and 
LENO/1/2 . 


DS11F4 3-127 


mwasaw a ew - — CS61544 





ais DS11F4 





1” mn EE aD 4 4 
7 SFeanyw@ #4 Af H 
AD fl 4D ap OE AE ip 


Semiconductor Corporation 











CS61575 CS61574A 
CS61574 









PCM Line Interface 





Features 


@ Provides Analog PCM Line Interface for 
T1 and PCM-30 Applications 


Provides Line Driver, Jitter Attenuation 
& Clock Recovery Functions 


Fully Compliant with AT&T 62411 (1990 
Version) Jitter/Synchronizer (Stratum 4, 
Type Il) Requirements 


Low Power Consumption 
(typically 175 mW) 


B8ZS/HDB3/AMI Encoders/Decoders 


14 dB of Transmitter Return Loss 


General Description 


The CS61575, CS61574A and CS61574 combine the 
analog transmit and receive line interface functions for a 
T1/PCM-30 interface in a single 28-pin device. 


The line interface unit (LIU) operates from a single 5 
Volt supply and is transparent to the framing format. 
Crystal’s EXPERT Pulse™ circuitry shapes the transmit 
pulse internally, providing the appropriate pulse shape 
for CCITT G.703, or for connnecting to DSX-1 cross- 
connects for line lengths ranging from 0 to 655 feet. The 
CS61575 receiver uses a 128-bit elastic store to 
remove jitter from the incoming data. The CS61574A 
and CS61574 employ a 32-bit elastic store. 


Applications 


¢ Interfacing Network Equipment such as DACS and 
Channel Banks to a DSX-1 Cross Connect 

° Interfacing Customer Premises Equipment to a 
CSU 


* Building Channel Service Units 


ORDERING INFORMATION - See page 3-151. 





Block Diagram 
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Preliminary Product Information 


Crystal Semiconductor Corporation 
P. O. Box 17847, Austin, Texas, 78760 
(512) 445-7222 FAX:(512) 445-7581 


This document contains information for a new product. Crystal 
Semiconductor reserves the right to modify this product without notice. 
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ABSOLUTE MAXIMUM RATINGS - 


DC Supply » (referenced to GND) | 


Input Voltage, Any Pin. (Note 1) <a 












Input Current, Any Pin (Note 2) 
Ambient Operating Temperature 
Storage Temperature _ 


WARNING: Operations at or beyond these imits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 
Notes: 1. Excluding RTIP, RRING, which must stay within -6V to (RV+) + 0.3V. 


2. Transient currents of up to 100 mA will not cause SCR latch-up. Also TTIP, TRING, TV+ and TGND 
can withstand a continuous current of 100 mA. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


DC Supply 





Notes: 3. TV+ must not exceed RV+ by more than 0.3V. 
4. Power consumption while driving line load over operating temperature range. Includes IC and load. 


Digital input levels are within 10% of the supply rails and digital outputs are driving a 50 pF 
Capacitive load. 


5. Assumes 100% ones density and maximum line length at 5.25V. 
6. Assumes 50% ones density and 300ft. line length at 5.0V. 


CS61574 DIGITAL CHARACTERISTICS (Ta =- 40° to 85° C; TV+ ,RV+ = 5.0V + 5%; 
GND = 0V)_ 


High-Level Input Voltage 
PINS 1-5, 23-28 | 
Low-Level Input Voltage (Note 7) — 
PINS 1-5, 23-28 


High-Level Output Voltage (Note 8) 
| QuT=-40 uA PINS 6-8, 11,12, 23, 25 


Low-Level Output Voltage (Note 8) 
- lout= 1.6 mA PINS 6-8, 11,12, 23, 25 


Input Leakage Current (Except Pin 5) 


Notes: 7. Functionality of pins 23 and 25 depends on the mode. See. Operating Modes description. 
8. Output drivers will output CMOS logic levels into a CMOS load. | 
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CS61575 and CS61574A DIGITAL CHARACTERISTICS §(ta=- 40° to 85°C; Tvs, 
RV+ = 5.0V + 5%; GND = OV) 


High-Level Input Voltage (Notes 7, 9, 10) 
PINS 1-4, 17,18, 23-28 
Low-Level Input Voltage (Notes 7, 9, 10) 
PINS 1-4, 17, 18, 23-28 
High-Level Output Voltage (Notes 7, 9) 
IOUT =-40uUA_ PINS 6-8, 11, 12, 23, 25 


Low-Level Output Voltage (Notes 7, 9) 
lOUT =1.6 MA PINS 6-8, 11, 12, 23, 25 


Input Leakage Current (Except Pin 5) 
Low-Level Input Voltage, PIN 5 


High-Level Input Voltage, PIN 5 | 
Mid-Level Input Voltage, PIN5 (Note 11) 2.3 


Notes: 9. This specification guarantees TTL compatiblity (VoH = 2.4 V @ louT = -40u/A). 
| 10. Pins 17 and 18 have digital characteristics in Extended Hardware Mode. 
11. As an alternative to supplying a 2.3-to-2.7 V input, this pin may be left floating. 





ANALOG SPECIFICATIONS (Ta =- 40° to 85°C; TV+ ,RV+ = 5.0V + 5%; GND = OV) 
[Parameter | Min | Typ 


TRANSMITTER 3 


AMI Output Pulse Amplitudes 
PCM-30, 75 Ohm 
PCM-30, 120 Ohm 
T1 


Load Presented To Transmitter Output (Note 12) 
CS61575 & CS61574A 
CS61574 


Jitter Added During 10Hz - 8kHz 


Remote Loopback 8kHz - 40kHz 
10Hz - 40kHz 
(Note 16) Broad Band 


Power in 2kHz band about 772kHz (Note 17, 18) 126 | 15 | 
Power in 2kHz band about 1.544 MHz : | 
(referenced to power in 2kHz band at 772kHz sa: ae -38 

Note 17, 18) - | 


Positive to Negative Pulse Imbalance (Note 17, 18) a 


CS61575/4A PCM-30 Transmitter | (Notes 12, 18, 19 
BEUEEO SS 51 kHz to 102 kHz 
102 kHz to 2.048 MHz 
2.048 MHz to 3.072 MHz 
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ANALOG SPECIFICATIONS (ta =- 40° to 85°C; TV+ ,RV+ = 5.0V + 5%; GND = OV) _ 


parameter | in| typ | Max 


DRIVER PERFORMANCE MONITOR 
CS61575/4A MTIP/MRING Sensitivity: 
Differential Voltage Required for Detection 
With one input at 1.5 V 

With one input at 0 V 



























RECEIVER 
CS61575/4A RTIP/RRING Input Impedance | =| BOK 


Sensitviy Below DSX (0dB = 2.4V) a ae 
Loss of Signal Threshold Ee 


Data Decision Threshold T1 pulse settings 65 | 
PCM-30 LEN2/1/0 = 000 50 


Allowable Consecutive Zeros before LOS 


Receiver Input Jitter 10kHz - 100kHz 
Tolerance 2kHz 


(Note 20) 10Hz and below 
JITTER ATTENUATOR 


Jitter Attenuation Curve Corner Frequency (Notes 18, 21) =i 
| Attenuation at 10 kHz Jitter Frequency (Notes 18, 21) Cs 


Attenuator Input Jitter (Notes 18, 21) 
Tolerance (Before Onset 
of FIFO Overflow or 
Underflow Protection) 

































CS61575 
CS61574A & CS61574 





Notes: 12. Using transformer recommended in the Application Section. 

13. These amplitudes, measured at the output of the transformer, are for line length settings 
LEN2/1/0 = 0/0/0 (see Figure 9). | 

14. These amplitudes, measured at the output of the transformer, are for line length settings 

_ _LEN2/1/0 = 0/0/0 (see Figure 9) or LEN2/1/0 = 0/1/0. 

15. These amplitudes, measured at the DSX-1 Cross-Connect, are for all line length settings from 
LEN2/1/0 = 0/1/1 to LEN2/1/0 = 1/1/1 (see Figure 8). » 3 

16. Input signal to RTIP/RRING is jitter free. Values will reduce slightly if jitter free clock is input to TCLK. 

17. Typical performance with a 0.47 uF capacitor in series with primary of transmitter output transformer. 

18. Not production tested. Parameters guaranteed by design and characterization. 

19. Return loss = 20 log 10 ABS((z1+Z0)/(z1-Zo)) where z1=impedance of the transmitter, and 
Zo=impedance of line load measured with a repeating 1010 data pattern. 

20. Jitter tolerance increases at lower frequencies. See Figure 11. | 

21. Attenuation measured with input jitter equal to 3/4 of measured jitter tolerance. Circuit attenuates | 
jitter at 20 dB/decade above the corner frequency. See Figure 12. On the CS61574A and CS61574, 
output jitter can increase significantly when more than 12 UIl’s are input to the attenuator. On the 
CS61575, output jitter can increase significantly when more than 138 UIl’s are input to the attenuator 
at > 1 Hz jitter frequency. See discussion in Wander and Jitter Attenuator section. 
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T1 SWITCHING CHARACTERISTICS § (ta =- 40° to 85°C: TV+ RVs = 5.0V + 5%: 
GND = OV; Inputs: Logic 0 = OV, Logic 1 = RV+) (See Figures 1, 2 & 3) 
Parameter 


RPOS/RNEG to RCLK Rising Setup Time 
RCLK Rising to RPOS/RNEG Hold Time | thy | 





PCM-30 SWITCHING CHARACTERISTICS (1a =- 40° to 85°C; TV+ ,RV+ = 5.0V + 5%: 
GND = OV; Inputs: Logic 0 = OV, Logic 1 = RV+) (See Figures 1, 2 & 3) 


rysal Frequency —=~=SCNt@ aa) tg 


Rise Time, All Digital Outputs oe 26) 
Fall Time, All Digital Outputs (Note 26) 





Notes: 22. Crystal must meet specifications described in CXT6176/CXT8192 data sheet. 
23. The transmitted pulse width for LEN2/1/0 = 0/0/0 is tied to the high cycle of TCLK for the CS61574. 
24. ACLKI provided by an external source or TCLK. 
25. RCLK duty cycle will be 62.5% or 37.5% when jitter attenuator limits are reached. 
26. At max load of 1.6 mA and 50 pF. 
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_ Parameter p 


SDI to SCLK Setup Time 
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~- 
2 





'SCLK to SDI Hold Time _ 


eSscikswptne 


tcdn 


SCLK Low Time 240 


_~ 
©) 
_ 


SCLK High Time 2 


aS 


0 
SCLK Rise and Fall Time 


8 


CS to SCLK Setup Time 


oO 


SCLK to CS Hold Time tech 


oO 


0 


CS Inactive Time tewh 250 


SCLK to S DO Valid (Note 27) tcdv 200 


—h 


CS to SDO High Z todz 0 


Input Valid To PCS Falling Setup Time tsu4 0 


>) 


PCS Rising to Input Invalid Hold Time 






_ 
oS 


PCS Active Low Time 
Note: 27. Output load capacitance = 50 pF. 
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Figure 1. - Signal Rise and Fall Characteristics 
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Figure 2. - Recovered Clock and Data Switching Characteristics 
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Figure 3. - Transmit Clock and Data Switching Characteristics 
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Figure 4. - Serial Port Write Timing Diagram 
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Figure 5. - Serial Port Read Timing Diagram 
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Figure 6. Extended Hardware Mode Parallel Chip Select Timing Diagram 
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THEORY OF OPERATION 


Enhancements in CS61575 and CS61574A 


The performance improvements available in the 


CS61575 and CS61574A are the following: 


¢ The CS61575 fully meets AT&T 62411 
(1991 version) requirements for jitter at- 
tenuation, over the full range of operating 
signal frequencies. By using a 192-bit 
FIFO, the jitter attenuator will tolerate 138 
UIs of jitter at 80 Hz. 

¢ Power consumption has been reduced by 
50%. | 

e¢ 14 dB of transmitter return loss (during 
transmission of both marks and spaces) im- 
proves signal quality. | 

e AMI, B8ZS, HDB3 line code en- 
coder/decoder options have been added. 

¢ AIS (all ones) detection has been added. 

¢ For PCM-30 applications, the CS61575 
and CS61574A internally set the trans- 
mitted pulse width, eliminating the need 
for a TCLK input with precise duty cycle. 

¢ Upon power up, LOS (loss of signal) is set 
high. 

¢ When the transmitter senses the absence of 
a signal on TCLK, TTIP and TRING are 
forced to zero. | | 

¢ The Loss of Signal condition is exited 
upon recognition of 12.5% one’s density (4- 
of-32 and no more than 14 consecutive 
ZeIOS). . 

¢ The Driver Performance Monitor operates 
Over a wider range of input signal levels. 


A PCB designed to use the CS61574 can be con- 
verted to the CS61575 or CS61574A with no 
change in art work. The only change required is 
to update the parts list to specify the new IC 
(CS61575 or CS61574A) and to specifiy a trans- 
mitter transformer with a different turns ratio. See 
Table A2 in the Applications Section. The new 
transformer supports the reduced power con- 
sumption. 
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SUPPORTED 
BY: 


Understanding the Difference Between the 


_ CS61575 and CS61574A 


The only difference between the CS61575 and © 
CS61574A is the depth of the FIFO in the jitter 

attenuator. The CS61575 has a 192-bit FIFO. 
The CS61574A has a 32-bit FIFO. What this 
means at the system level is that the CS61575 
will attenuate jitter, even when the jitter 
amplitude is 138 UIs (the AT&T 62411, 1990 ver- 
sion, requirement). The CS61574A will typically 
stop attenuating jitter when the jitter amplitude 
exceeds 23 UIs. At that point the CS61574A will 
track very large amplitudes of jitter (for example, 
300 UIs) through its 32-bit FIFO by using a dif- 
ferent jitter transfer function. This alternative 


jitter transfer function will introduce some jitter 


peaking. The CS61574 operates just like the 
CS61574A in this regard, so that if the CS61574 
works satisfactorily in your system, so will the 
CS61574A. 







HARDWARE EXTENDED HOST 
MODE HARDWARE MODE 
3 MODE 
CS61575 CS61575 
CS61574A CSG176 CS61574A 
CS61574A 
MODE-PIN rae FLOAT, or ere 
INPUT LEVEL 2.5v 


CS61574 CS61574 
- INDIVIDUAL 


CONTROL LINES 
& PARALLEL 
CHIP SELECT 










SERIAL 
u-PROCESSOR 









CONTROL 
METHOD 


INDIVIDUAL 
CONTROL LINES 















LINE CODE 
ENCODER & 
DECODER 


AIS DETECTION YES 


DRIVER . 
PERFORMANCE YES YES 
MONITOR. 


Table 1. Differences in Operating Modes 
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Figure 7. Overview of Operating Modes 


Introduction to Operating Modes 


The CS61575 and CS61574A support three 
operating modes (as selected by pin MODE) as 
shown in Tables 1 and 2, Figure 7, and Figures 
A1-A3 of the applications section. 


The modes are hardware mode, extended 
hardware mode, and host mode. In hardware and 


DS20PP5.1 


extended hardware modes, discrete pins are used 


to interface the device’s control functions and 
status information. In the host mode, the line in- 
terface is connected to a host processor and a 
serial data bus is used for input and output of con- 
trol and status information. There are thirteen 
multi-function pins whose functionality is deter- 
mined by the mode pin, MODE (Table 2). 
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FUNCTION 








TRANSMITTER 


RECEIVER/DPM 


CONTROL 


Table 2. Pin Definitions 


Transmitter 


The transmitter takes data from a Tl (or PCM-30) | 


terminal, and produces pulses of appropriate 


shape. The transmit clock (TCLK) and transmit | 


data (TPOS & TNEG or TDATA) are supplied 


synchronously. Data is sampled on the falling ~ 


edge of the input clock. 


Either T1 (DSX-1 or Network Interface) or PCM- 
30 G.703 pulse shapes may be selected. Pulse 
shaping and signal level are determined by "line 
length select" inputs as shown in Table 3. The 
CS61575 and CS61574A line drivers are 


designed to drive a 75 Q equivalent load. The 


CS61574 drives a 25 Q load. | 


LEN2 | LEN1 | LENO OPTION SELECTED APPLICATION 


[o[o | iee2ereeT | Osx 

[0 [+ | ae6s0 FEET | ater o008 
[1 [8 [aes FEET |] and 8000) 
eh 


533-655 FEET 
ae <a ae eee | 2.048 MHz 
Copp rem | 
pg 0. ~ FCC Part 68, Option A CSU 
ea ee ee aise NETWORK 
oO. tsa _ ANSI 11.403 INTERFACE 


Table 3. Line Length Selection 


as 
A 
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Figure 8. Typical Pulse Shape at DSX-1 Cross Connect 


For PCM-30 applications, the CS61575 and 


CS61574A drivers provide 14 dB of return loss 
during the transmission of both marks and spaces. 
This improves signal quality by minimizing 
reflections off the transmitter. Similar levels of 
return loss are provided for Tl applications. | 


For T1 DSX-1 applications, line lengths from 0 to 
655 feet (as measured from the transmitter to the 
DSX-1 cross connect) are selectable. The five 
partition arrangement meets CB-119 requirements 
when using ABAM cable. A typical output pulse 
is shown in Figure 8. These pulse settings can 
also be used to meet CCITT pulse shape require- 
ments for 1.544 MHz operation. 


For T1 Network Interface applications, additional 
options are provided. Note that the optimal pulse 


- width for Part 68 (324 ns) is narrower than the 


optimal pulse width for DSX-1 (350 ns). The 
CS61575 and CS61574A automatically adjusts 
the pulse width based upon the "line length" 
selection made. es Sg 


The PCM-30 G.703 pulse shape is supported with 
line length selection LEN2/1/0=0/0/0. The pulse 
width will meet the G.703 pulse shape template 
shown in Figure 9, and specified in Table 4. | 
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Percent of 
nominal 





Figure 9. Mask of the Pulse at the 2048 kbps Interface 


Note that in the case of the CS61574 (and not for 
CS61574A or CS61575) and only for 
LEN2/1/0=000, the width of this pulse is deter- 
mined by the high cycle of TCLK. The pulse will 
meet the CCITT pulse shape template shown in 
Figure 9, and specified in Table 4, assuming the 
TCLK duty cycle and frequency are appropriate. 


Ratio of the amplitudes of positive and negative 
pulses at the center of the pulse interva 


Ratio of the widths of positive and negative pulses 
at the nominal half amplitude 


0.95 to 1.05 * 
0.95 to 1.05 


! 


The CS61575 and CS61574A transmitter will 
detect a failed TCLK, and will insure that neither 
TTIP nor TRING gets stuck high. If the clock sig- 
nal is removed from TCLK on the CS61574, 
TPOS and TNEG should both be low during the 
last falling edge of TCLK. 


To place the device in a low power dissipation 
mode (i.e., to disable the drive), TPOS and TNEG 
(or TDATA) should be held low while TCLK 
continues to be input. When any transmit control 
pin (TAOS, LENO-2 or LLOOP) is toggled, the 
transmitter outputs may not meet all data sheet 
specifications for 22 bit periods. The transmitter 
will take longer to stabilize when RLOOP is 
selected because the timing circuitry must adjust 
to the new frequency. 


Transmit All Ones Select 


The transmitter provides for all ones insertion at 
the frequency of TCLK. Transmit all ones is 
selected when TAOS goes high, and causes con- 
tinuous ones to be transmitted on the line (TTIP 
and TRING). In this mode, the TPOS and TNEG 
(or TDATA) inputs are ignored. If Remote Loop- 
back is in effect, any TAOS request will be 
ignored. 









For coaxial cable, 

75 ohm load and 
transformer specified 
in Application 


For shielded twisted pair, 
120 ohm load and 
transformer specified 

in Application 


Section Section. _ 





* When configured with a 0.47 uF nonpolarized capacitor in series with the Tx transformer primary as 


shown in Figures A1, A2 and A3. 


Table 4. CCITT G.703 Specifications 
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Figure 10. Receiver Block Diagram 


Receiver 


The receiver extracts data and clock from an AMI 
(Alternate Mark Inversion) coded signal and out- 
puts clock and synchronized data. The receiver is 
sensitive to signals over the entire range of 
ABAM cable lengths and requires no equalization 
or ALBO (Automatic Line Build Out) circuits. 

The signal is received on both ends of a center- 
tapped, center-grounded transformer. The 
transformer is center tapped on the IC side. The 
clock and data recovery circuit exceeds the jitter 
tolerance specifications of Publications 43802, 

43801, 62411 amended, TR- TSY-000170, and 
CCITT REC. G.823. | 







Minimum 
CS61574 
Performance 


AT&T 62411 


PEAK-TO-PEAK 
JITTER 
(unit intervals) 


q 10 


100 300 700 1k 10k 
JITTER FREQUENCY (Hz) 


Figure 11. Minimum Input Jitter Tolerance of Receiver 
(Clock Recovery Circuit and Jitter Attenuator) 
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A block diagram of the receiver is shown in Fig- 
ure 10. The two leads of the transformer (RTIP 
and RRING) have opposite polarity allowing the 
receiver to treat RTIP and RRING as unipolar sig- 
nals. Comparators are used to detect pulses on 
RTIP and RRING. The comparator thresholds are 
dynamically established at a percent of the peak 
level (50% of peak for PCM-30, 65% of peak for 
T1; with the slicing never selected by LEN2/1/0 
inputs). 


The leading edge of an incoming data pulse trig- 
gers the clock phase selector. The phase selector 
chooses one of the 13 available phases which the 
delay line produces for each bit period. The out- 
put from the phase selector feeds the clock and 
data recovery circuits which generate the 
recovered clock and sample the incoming signal 


at appropriate intervals to recover the data. 


Data sampling will continue at the periods 
selected by the phase selector until an incoming 
pulse deviates enough to cause a new phase to be 
selected for data sampling. The phases of the 
delay line are selected and updated to allow as 
much as 0.4 UI of jitter from 10 kHz to 100 kHz, 
without error. The jitter tolerance of the receiver 
exceeds that shown in Figure 11. Additionally, 
this method of clock and data recovery is tolerant | 
of long strings of consecutive zeros. The data 
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MODE CLKE | DATA | CLOCK {Clock Edge for 
(pin 5) = 28) Valid Data 
LOW Rising 
(<0.2v) Rising 
HIGH Rising 
(>(V+) - 0.2 V) Rising 
Falling 
HIGH Falling 
(>(V+) - 0.2 V) Falling 
Rising 
MIDDLE 
(2.5v) 


Falling 


X= Don't care 


Table 5. Data Output/Clock Relationship 


sampler will continuously sample data based on 
its last input until a new pulse arrives to update 
the clock phase selector. 


The delay line is continuously calibrated relative 
to a reference clock, which is provided by the 
crystal oscillator. The delay line produces 13 
phases for each cycle of the reference clock. In 
effect, the 13 phases are analogous to a 20 MHz 
clock when the reference clock is 1.544 MHz. 
This implementation utilizes the benefits of a 
20 MHz clock for clock recovery without actually 
having the clock present to impede analog circuit 
performance. 


In the hardware mode, data at RPOS and RNEG 
is stable and may be sampled on the rising edge 
of the recovered clock. In the extended hardware 
mode, data at RDATA is stable and may be 
sampled on the fallings edge of the recovered 
clock. In the host mode, CLKE determines the 
clock polarity for which output data is stable and 
valid as shown in Table 5. 


Loss of Signal 


The receiver will indicate loss of signal upon 
receiving 175 consecutive zeros. A digital counter 
counts received zeros, based on RCLK cycles. 
The zero input level is determined either when 
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Applicable Crystal ACLKI Source of RCLK 
Device present? present? 


All ACLKI 
All Yes No Centered Crystal 
RTIP/RRING via 
eobini4 aes ves Jitter Attenuator 
CS61575 Yes Yes ACLKI via the 
CS61574A Jitter Attenuator 


Table 6. RCLK Status at LOS 














zeros are received, or when the received signal 
amplitude degrades below a 0.3 Vpeak threshold. 


The receiver reports loss of signal by setting the 
Loss of Signal pin, LOS, high. If the serial inter- 
face is used, the LOS bit will be set and an 
interrupt will be issued on INT. LOS will go low 
(and flag the INT pin again if the serial I/O is 
used) when a valid signal is detected. Note that in 
the host mode, LOS is simultaneously available 
from both the register and pin 12. Table 6 shows 
the status of RCLK upon LOS. Received data is 
output on RPOS/RNEG (RDATA) nee of 
LOS status. 


In the CS61575 and CS61574A, LOS typically 
returns to logic zero when the received signal 
returns to 12.5% ones density - based on 4 ones 
out of 32 bit periods with no more than 14 con- 
secutive zeros. If ACLKI is present during the 
LOS state, ACLKI is switched into the input of 
the jitter attenuator, resulting in RCLK matching 
the frequency of ACLKI. The jitter attenuator 
buffers any instantaneous changes in phase be- 
tween the last recovered clock and the ACLKI 
reference clock. This means that RCLK will 
smoothly transition to the new frequency. If 
ACLKI is not present, then the crystal oscillator 
of the jitter attenuator is forced to its center fre- 
quency. In the CS61575 or CS61574A, a 
power-up or manual reset will set LOS high. 


In the CS61574, LOS returns to logic zero when 
the first one is received. In the CS61574, ACLKI 
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serves no significant purpose and should be 
grounded. 


Wander and Jitter Attenuator 


The jitter attenuator reduces wander and jitter in 
the recovered clock signal. It consists of a 32 or 
192-bit FIFO, a crystal oscillator, a set of load 
capacitors for the crystal, and control logic. The 
jitter attenuator exceeds the jitter attenuation re- 
quirements of Publications 43802 and REC. 
G.742. A typical jitter attenuation curve is shown 
in Figure 12. The CS61575 fully meets AT&T 
62411 jitter attenuation requirements. The 
CS61574A/74 will have a discontinuity in the jit- 
ter transfer function when the incoming jitter 
amplitude exceeds approximately 23 UIs. 


The jitter attenuator works in the following man- 
ner. The recovered clock and data are input to the 
FIFO with the recovered clock controlling the 
FIFO’s write pointer. The crystal oscillator con- 
trols the FIFO’s read pointer which reads data out 
of the FIFO and presents it at RPOS and RNEG 
(or RDATA). The update rate of the read pointer 
is analogous to RCLK. By changing the load 
capacitance that the IC presents to the crystal, the 
oscillation frequency is adjusted to the average 
frequency of the recovered signal. Logic deter- 
mines the phase relationship between the read and 
write pointers and decides how to adjust the load 
capacitance of the crystal. Thus the jitter at- 
tenuator behaves as a first-order phase lock loop. 
Signal jitter is absorbed in the FIFO. 


The FIFO in the jitter attenuator is designed to 
neither overflow nor underflow. If the jitter 
amplitude becomes very large, the read and write 
pointers may get very close together. Should they 
attempt to cross, the oscillator’s divide by four 
Circuit adjusts by performing: a divide by 3 1/2 or 
divide by 4 1/2 to prevent the overflow or under- 
flow. During this activity, data will never be lost. 
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Figure 12. Typical Jitter Transfer Function 


The jitter attenuator of the CS61575 contains a 
192-bit FIFO, and will tolerate 138 UIs at 1 Hz 
and 28 UIs at 4.9 Hz as required by 62411, before 
the overflow or underflow mechanism takes ef- 
fect. The jitter attenuators of the CS61574A and 
CS61574 contain a 32-bit FIFO, and will typical- 
ly tolerate 23 UIs before the overflow or 
underflow mechanism takes effect. 


Local Loopback 


The local loopback mode takes clock and data 


presented on TCLK, TPOS, and TNEG (or 


TDATA), sends it through the jitter attenuator and - 
Outputs it at RCLK, RPOS and RNEG (or 
RDATA). If the jitter attenuator is disabled, it is 
bypassed. Inputs to the transmitter are still trans- 
mitted on the line, unless TAOS has been selected 
in which case, AMI-coded continuous ones are 
transmitted to the line at the rate determined by 
TCLK. Receiver inputs are ignored when local 
loopback is in effect. Local loopback is selected 
by taking LLOOP, pin 27, high or LLOOP may 
be commanded via the serial interface. 
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RLOOP TAOS 
Input Input 
Signal Signal 


Source of 
Clock for 
TTIP & TRING 


Source of 
Data for 
TTIP & TRING 


RTIP & RRING | ATIP & RRING(RCLK) 
Notes: 


1. X = Don't care. The identified All Ones Select input is ignored 
when the indicated loopback is in effect. 
2. Logic 1 indicates that Loopback or All Ones option is selected. 






Table 7. Interaction of RLOOP with TAOS 
Remote Loopback 


In remote loopback, the recovered clock and data 
input on RTIP and RRING are sent through the 
jitter attenuator to remove jitter, and back out on 
the line via TTIP and TRING. Selecting remote 
loopback overrides any TAOS request (see 
Table 6). The recovered incoming signals are also 
sent to RCLK, RPOS and RNEG (or RDATA). A 
remote loopback occurs in response to RLOOP 
going high. Simultaneous selection of local and 
remote loopback modes is not valid (see Reset). A 
remote loopback bypasses the line code en- 
coder/decoder, insuring that the transmitted signal 
matches the received signal, even in the presence 
of received bipolar violations. 


Driver Performance Monitor 


To aid in early detection and easy isolation of 
nonfunctioning links, the IC is able to monitor 
transmit drive performance and report when the 
driver is no longer operational. This feature can 
be used to monitor either the device’s perfor- 
mance or the performance of a neighboring 
driver. The driver performance monitor indicator 
is normally at a low (zero) logic level, and goes 
to high level upon detecting driver failure. 


The driver performance monitor consists of a 
receiver that monitors a transmitted AMI signal 
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p LEN 2/0 2/1/0 








TCODE HDB3 B8ZS 
(Transmit Encoder Encoder 
Encoder 





AMI 
HDB3 B8ZS 
Decoder Decoder 
HIGH sblide 
Decoder 


Table 8. Encoder/Decoder Selection 


RCODE 
(Receiver 







Decoder 





Selection) 


on input pins, MTIP and MRING. If no valid 
AMI signal is present on MTIP and MRING for 
64+2 clock cycles, the DPM pin goes high. 


Whenever more than one line interface IC resides 
on the same circuit board, the effectiveness of the 
driver performance monitor can be maximized by 
having each IC monitor performance of a neigh- 
boring IC, rather than having it monitor its own 
performance. Note that in the host mode, DPM is 
available from both the register and pin 11. 


In the CS61574 only, the following application 
procedure is recommended to provide immunity 
from spurious DPM reports. If the controller on 
the line card detects that DPM has gone high, the 
controller should reconfirm that DPM is still high 
before taking actions to respond to the driver 
failure. The intent of the reconfirmation is to 
screen out events where DPM goes high for a few 
bit periods, erroneously indicating a driver 
problem. This situation can only occur when 
one’s density is very low. 


Line Code Encoder/Decoder 


In the CS61575 and CS61574A Extended 
hardware Mode, three line codes are available: 
AMI, B8ZS and HDB3. The input to the encoder 
is TDATA. The outputs from the decoder are 
RDAT and BPV (Bipolar Violation Strobe). The 
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encoder and decoder are selected using pins 
LEN2, LEN1, LENO, TCODE and RCODE as 
shown in Table 8. 








Alarm Indication Signal 


In the CS61575 and CS61574A Extended 
Hardware Mode, the receiver sets output pin AIS 
high when less than 3 zeros are detected out of 
2048 bit periods. AIS returns low when 4 or more 
zeros, out of 2048 bits, are detected. 


Parallel Chip s s elect 7 


In the CS61575 and CS61574A Extended 
Hardware Mode, PCS can be used to gate the 
digital control inputs: TCODE, RCODE, LENO, 
LEN1, LEN2, RLOOP, LLOOP and TAOS. In- 
puts are accepted on these pins only when PCS is 
low. Changes in inputs will immediately change 
the operating state of the CS61575/74A. There- 





fore, when cycling PCS to update the operating 


state, the digital control inputs should be stable 
for the entire PCS low period. The digital pouus) 
inputs are ignored when PCS i is high. 7 


Power On Rese / Reset 


Upon power-up, the IC is held in a static state 
until the supply crosses a threshold of ap- 
proximately three volts. When this threshold is 
crossed, the device will delay for about 10 ms ‘to 
allow the power supply to reach operating volt- 
age. After this delay, calibration of the delay lines 
used in the transmit and receive sections com- 
mences. The delay lines can be calibrated only if 
a reference clock is present. The reference clock 
for the receiver is provided by the crystal oscil- 
lator, or ACLKI if the oscillator is disabled. The 
reference clock for the transmitter is provided by 
TCLK. The initial calibration should take less 
than20 ms. 


In operation, the delay lines are continuously 
calibrated, making the performance of the device 
independent of power supply or temperature 
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variations. The continuous calibration function 
forgoes any requirement to reset the line interface 
when in operation. However, a reset function is 
available which will clear all registers. 


In the Hardware and Extended Hardware modes, 
a reset request is made by simultaneously setting 
both RLOOP and LLOOP high for at least 200 ns. 
Reset will initiate on the falling edge of the reset 
request (falling edge of RLOOP and LLOOP). In 
the Host Mode, a reset is initiated by simul- 
taneously writing RLOOP and LLOOP to the 
register. In either mode, a reset will set all 
registers to O and force the oscillator to its center 
frequency before initiating canbranons: 


In the CS61574, the RCLK output is fered low 


while reset is held high. 


In the CS61575 and CS61574A, a reset will set 
LOS high. 


Serial Interface 


In the host mode, pins 23 through 28 serve as a 
microprocessor/microcontroller interface. One 
on-board register can be written to via the SDI 
pin or read from via the SDO pin at the clock rate 
determined by SCLK. Through this register, a 
host controller can be used to control operational 
characteristics and monitor device status. The 
serial port read/write timing is independent of the 
system transmit and receive timing. 


Data transfers are initiated by taking the chip 
select input, CS, low (CS must initially be high). 
Address and input data bits are clocked in on the 
rising edge of SCLK. The clock edge on which 
output data is stable and valid is determined by 
CLKE as shown in Table 5. Data transfers are ter- 
minated by setting CS high. CS may go high no 
sooner than 50 ns after the rising edge of the 
SCLK cycle corresponding to the last write bit. 

For a serial data read, CS may go high any time 
to terminate e the output. 
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Address/Command Byte 
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Data Input/Output 
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Figure 13. Input/Output Timing 


Figure 13 shows the timing relationships for data 
transfers when CLKE = 1. When CLKE = 1, data 
bit D7 is held until the falling edge of the 16th 
clock cycle.When CLKE = 0, data bit D7 is held 
until the nsing edge of the 17th clock cycle. SDO 
goes High-Z after CS goes high or at the end of 
the hold period of data bit D7. 


An address/command byte, shown in Table 9, 
precedes a data register. The first bit of the ad- 
dress/command byte determines whether a read 
or a write is requested. The next six bits contain 
the address. The line interface responds to ad- 
dress 16 (0010000). The last bit is ignored. 


The data register, shown in Table 10, can be writ- 
ten to the serial port. Data is input on the eight 
clock cycles immediately following the ad- 
dress/command byte. Bits O and 1 are used to 
clear an interrupt issued from the INT pin, which 
occurs in response to a loss of signal or a problem 
with the output driver. 


Writing a "1" to either "Clear LOS" or "Clear 
DPM" over the serial interface has three effects: 





Read/Write Select; 0 = write, 1 = read 
LSB of address. Must be 0 

Must be 0 

Must be 0 

Must be 0 

Must be 1 

Reserved - Must be 0 

Don’t Care 





LSB, first bit 













MSB, last bit} 7 


Table 9. Address/Command Byte 
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1) The current interrupt on the serial interface 
will be cleared. (Note that simply reading 
the register bits will not clear the inter- 
rupt). 

2) Output data bits 5, 6 and 7 will be reset as ap 
propriate. 

3) Future interrupts for the corresponding LOS 
or DPM will be suppressed (1.e., prevented 
from occurring). | 

Writing a "0" to either "Clear LOS" or "Clear 
DPM" enables the corresponding interrupt for 
LOS or DPM. 


Input bits 5/6/7=111 and 5/6/7=101 are the same 
request, and cause the line interface to enter into 
the factory test mode. In other words, when 
RLOOP=1 (Bit 5) and TAOS=1 (Bit 7), LOOP 
(Bit 6) is a don’t care. For normal operation, 
RLOOP and TAOS should not be simultaneously 
selected via the serial interface. 


LSB: first bit 
in 


clr LOS 
clr DPM 
LENO 
LEN1 
LEN2 
RLOOP 
LLOOP 
TAOS 


Clear Loss Of Signal 

Clear Driver Performance Monitor 
Bit 0 - Line Length Select 

Bit 1 - Line Length Select 

Bit 2 - Line Length Select 
Remote Loopback — 

Local Loopback 

Transmit All Ones Select 


0 
1 
5 
3 
4 
5 
6 
7 


MSB: last 
bit in 





NOTE: Setting bits 5,6 & 7 to 101 or 111 puts the CS61574 into 
a factory test mode. 


Table 10. Input Data Register 
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Output data from the serial interface is presented 
as shown in Tables 11 and 12. Bits 2, 3 and 4 can 
be read to verify line length selection. Bits 5, 6 
and 7 must be decoded. Codes 101, 110 and 111 
(Bits 5, 6 and 7) indicate intermitent losses of sig- 
nal and/or driver problems. _ _ | 


SDO goes to a high impedance state when not in 
use. SDO and SDI may be tied together in ap- | 


_ plications where the host processor has a 
bidirectional I/O port. 


Power S upply. 


The device operates from a single 5 Volt supply. 
Separate pins for transmit and receive supplies 
provide internal isolation. However, these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. 
TV+ must not exceed RV+ by more than 0.3V. 


Decoupling and filtering of the power supplies is 
crucial for the proper operation of the analog cir- 
cuits in both the transmit and receive paths. The 
best way to configure the power supplies is to tie 
TV+ to RV+ at the chip. A 1.0 pF capacitor 
should be connected between TV+ and TGND, 
and a 0.1 uF capacitor should be connected be- 
tween RV+ and RGND. Use mylar or ceramic 
capacitors and place them as closely as possible 
to their respective power supply pins. A 68 LF 
tantalum capacitor should be added close to the 
RV+/RGND supply. If TV+ and RV+ are sup- 
plied by different traces, 68 KF capacitors should 
be used on both supplies. Wire-wrap breadboard- 
ing of the line interface is not recommended 
because lead resistance and inductance serve to 
defeat the function of the decoupling capacitors. 
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LSB: first bit Loss Of Signal 
in Driver Performance Monitor 
Bit O - Line Length Select 


Bit 1 - Line Length Select 
Bit 2 - Line Length Select 





Table 11. Output Data Bits 0 - 4 


Reset has occurred or no pro 
TAOS in effect. 
LLOOP in effect. 
TAOS/LLOOP in effect. 
RLOOP in effect. 


DPM changed state since last "clear DPM" . 
occurred. 


LOS changed state since last "clear LOS". 
occurred. | 


LOS and DPM have changed state since 
last "clear LOS" and “clear DPM”. : 










gram input. 





Table 12. Coding for Serial Output bits 5,6,7 
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jf pf CS615 575 cs61 574A Sea 574 
PIN DESCRIPTIONS 
ALTERNATE EXTERNAL CLOCK ACLKI Tie TAOS / CLKE TRANSMIT ALL ONES SELECT 
TRANSMIT CLOCK TCLK LLOOP/SCLK LOCAL LOOP BACK 


RLOOP/CS REMOTE LOOP BACK 
LEN2/SDO BIT 2 OF LINE LENGTH SELECT 
LEN1 / SDI BIT 1 OF LINE LENGTH SELECT 
LENO/INT BIT 0 OF LINE LENGTH SELECT 
RGND RECEIVE GROUND 


TRANSMIT POSITIVE PULSE TDATA/ TPOS 
TRANSMIT NEGATIVE PULSE TCODE/ TNEG 
MODE SELECTION MODE 
RECEIVED NEGATIVE PULSE BPV/RNEG 
RECEIVED POSITIVE PULSE RDATA/ RPOS 








RECOVERED CLOCK RCLK RV+ RECEIVE V+ (+5VDC) 
CRYSTAL CONNECTION XTALIN RRING RECEIVE RING 
CRYSTAL CONNECTION XTALOUT RTIP RECEIVE TIP 
DRIVER PERFORMANCE MONITOR AIS/ DPM MRING/ PCS) MONITORED RING 
LOSS OF SIGNAL LOS MTIP/ RCODE MONITORED TIP 
TRANSMIT TIP TTIP TRING TRANSMIT RING 
TRANSMIT GROUND TGND TV+ TRANSMIT V+ (45VDC) 











ACLKI 
TCLK TAOS/CLKE 
TDATA/TPOS LLOOP/SCLK 
TCODE/TNEG RLOOP/CS 
MODE LEN2/SDO 
BPV/RNEG LEN1/SDI 
RDATA/RPOS LENO/INT 
RCLK RGND 
XTALIN RV+ 
XTALOUT RRING 
AIS/DPM RTIP 
LOS." 7 x *—— MRING/ PCS 
TTIP ae | \— MTIP/ RCODE 
TGND TRING 
TV+ 


Power Supplies 


TV+ - Positive Power Supply, Transmit Drivers, Pin 15. 
Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by 
more than 0.3V. 


TGND - Ground, Transmit Drivers, Pin 14. 
Power supply ground for the transmit drivers; typically O volts. 


RV+ - Positive Power Supply, Pin 21. 
Positive power supply for the device, except transmit drivers; typically +5 volts. 


RGND - Ground, Pin 22. 
Power supply ground for the device, except transmit drivers; typically O volts. 
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Oscillator — 


XTALIN, XTALOUT - Crystal Connections, Pins 9 and 10. 
A 6.176 MHz (8.192 MHz for PCM-30 applications) crystal should be connected across nese 
pins. The jitter attenuator may be disabled by tying XTALIN, Pin 9 to the power supply through a 
resistor, and floating XTALOUT, Pin 10. Overdriving the oscillator with an external clock i is not 
supported. 


Control 


MODE - Mode Select, Pin Si 

Setting MODE to logic 1 puts the line interface in the host mode. In the host Hees: a serial 
control port is used to control the line interface and determine its status. Setting MODE to logic 0 
puts the line interface in the hardware mode, where configuration and status are controlled by 
discrete pins. Floating the MODE pin puts the CS61575 or CS61574A in the extended hardware 
mode, where configuration and status are controlled by discrete pins. When floating MODE, 
there should be no PCB trace attached to the pin. Alternatively, extended hardware mode can be 
entered by setting MODE to 2.5 V. MODE defines the status of 13 pins (see Table 2). 


Hardware Mode 


TAOS - Transmit All Ones Select, Pin 28. | 
Setting TAOS to a logic 1 causes continuous ones to be transmitted at the frequency determined 
by TCLK. In the host mode, simultaneous selection of RLOOP & TAOS enables a factory test 
mode. | 


LLOOP - Local Loopback, Pin 27. 


Setting LLOOP to a logic 1 routes the transmit clock and data through the jitter attenuator to the 
receive clock and data pins. TCLK and TPOS/TNEG (or TDATA) are still transmitted unless 
overridden by a TAOS request. Inputs on RTIP and RRING are ignored. 


RLOOP.- Remote Loopback, Pin 26. 
Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the jitter 
attenuator (if active) and through the driver back to the line. The recovered signal is also sent to 
RCLK and RPOS/RNEG (or RDATA). Any TAOS request is ignored in the hardware mode. In 
_ the host mode, simultaneous selection of RLOOP & TAOS enables a factory test mode. _ 


Simultaneously taking RLOOP and LLOOP high for at least 200 ns initiates a device reset. 


LENO, LEN1, LEN2 - Line Length Selection, Pins 23, 24 and 25. 
Determines the shape and amplitude of the transmitted pulse to accommodate several cable types 
and lengths. mee Table 2 for information on line length selection. Also controls the receiver 
slicing level. : 
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Extended Hardware Mode (CS61575 and CS61574A only) 


PCS - Parallel Chip Select, Pin 18. 
Setting PCS high causes the line interface to ignore the TCODE, RCODE, LENO, LEN1, LEN2, 
RLOOP, LLOOP and TAOS inputs. 


TCODE - Transmitter Encoder Select, Pin 4. 
Setting TCODE low enables B8ZS or HDB3 zero substitution in the transmitter encoder. Setting 
TCODE high enables the AMI transmitter encoder (see Table 8). 





RCODE - Receiver Decoder Select, Pin 17. 


Setting RCODE low enables B8ZS or HDB3 zero substitution in the receiver decoder. Setting 
RCODE high enables the AMI receiver decoder (see Table 8). 





Host Mode 


INT - Receive Alarm Interrupt, Pin 23. 
Goes low when LOS or DPM change state to to flag the host processor. INT is cleared by writing 
"clear LOS" or "clear DPM" to the register. INT is an open drain output and should be tied to the 
positive supply through a resistor. | 


SDI - Serial Data Input, Pin 24. 
Data for the on-chip register. Sampled on the rising a eaee of SCLK. 


SDO - Serial Data Output, Pin 25. 


Status and control information from the on-chip register. If CLKE 1S ve SDO is valid on the 
_ rising edge of SCLK. If CLKE is low SDO is valid on the falling edge of SCLK. This pin goes to 
a high-impedance state when the serial port is being written to or after bit D7 is output. 


CLKE - Clock Edge, Pin 28. 
Setting CLKE to logic 1 causes RPOS and RNEG to be valid on the falling edge of RCLK, and 
SDO to be valid on the rising edge of SCLK. Conversely, setting CLKE to logic 0 causes RPOS 
and RNEG to be valid on the rising edge of RCLK, and SDO to be valid on the falling edge of 
SCLK. 


SCLK - Serial Clock, Pin 27. 
Clock used to read or write the serial port registers. SCLK can be either high or low whet the line 


interface is selected using the CS pin. | 


CS - Chip Select, Pin 26. 
Pin must transition from high to low to read or write the serial ports. 
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Inputs 


ACLKI - Alternate External Clock Input, Pin 1. 
Either a 1.544 MHz (or 2.048 MHz for PCM-30) clock may be input to ACLKI, or this pin must 
be tied to ground. In the CS61575 and CS61574A, the ACLKI input signal, if present, is driven 
upon loss of signal to the RCLK output through the jitter attenuator. In the CS61574, ACLKI 
serves no significant purpose and should be grounded. | 


RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20. 
The AMI receive signal is input to these pins. A center-tapped, seineeeioundea 2:1, step-up 
transformer is required on these inputs, as shown in Figure A1 in the Applications section. Data 
and clock are recovered and output on a aes and RCLK. 


TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data - Pins 

2, 3 and 4 (Host Mode and Hardware Mode). 
Inputs for clock and data to be transmitted. The signal is driven on to the line through TTIP and 
TRING. TPOS and TNEG are sampled on the falling edge of TCLK. A TPOS input causes a 
positive pulse to be transmitted, while a TNEG input causes a negative pulse to be transmitted. 


TDATA - Transmit Data, Pin 3 (Extended Hardware Mode). 
Input data to be transmitted. TDATA inputs pass through the line code encoder, and is then driven 
on to the line through TTIP and TRING. TDATA is sampled on the falling edge of TCLK. Used 
only in the extended hardware mode (CS61574A and CS61575). 


MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18 “oe Mode and Hardware 

Mode). | 
| These pins are normally enieeiea to TTIP and TRING and monitor the output of a Tine interface 
IC. If the monitors are not used, tying MTIP low and MRING high through a resistor will reduce 
power consumption slightly. If the INT pin in the host mode is used, and the monitor is not used, 
writing "clear DPM" to the serial interface will prevent any een from the driver performance 
monitor. 


Status — 


LOS - Loss of Signal, Pin 12. | 

LOS goes to a logic 1 when 175 consecutive zeros have been detected. When in the loss of Gaal 
state, any received ones are output at RPOS/RNEG. In the CS61574, LOS returns to logic zero 
on the first bit received. In the CS61575 and CS61574A, LOS returns to logic 0 when a 12.5% 
ones density signal returns (determined by receipt of 4 ones within 32 bit periods with no more 
than 14 consecutive zeros). When in the loss of signal state on the CS61575 and CS61574A, 
ACLKI (if present) is output on RCLK via the jitter attenuator. If ACLKI is not present, RCLK 
is forced to the center frequency of the crystal oscillator upon LOS. 


DPM - Driver Performance Monitor, Pin 11 (Host Mode and Hardware Mode). 


If no AMI signal is present on MTIP and MRING, DPM goes to a logic 1 until the first detected 
AMI signal. Available only in Host and Hardware Mode. 
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AIS - Alarm Indication Signal, Pin 11 (Extended Hardware Mode). 
AIS goes high when an all-ones condition (blue code) is detected, using the detection criteria of 
less than three zeros out of 2048 bit periods. Available only in the extended hardware mode. 


BPV- Bipolar Violation Strobe, Pin 6 (Extended Hardware Mode). 
BPV goes to a logic 1 for one bit period when a bipolar violation is detected in the received 
signal. B8ZS (or HDB3) zero substitutions are not flagged as bipolar violations if the B8ZS (or 
HDB3) decoder has been enabled. Available only in the extended hardware mode (CS61574A 
and CS61575). 


Outputs 


RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data - Pins 8, 
7 and 6 (Extended Hardware Mode). 
The receiver recovered clock and NRZ digital data is output on these pins. In the hardware 
mode, RPOS and RNEG are stable and valid on the rising edge of RCLK. In the host mode, 
CLKE determines the clock edge for which RPOS and RNEG are stable and valid. See Table 5. 
A positive pulse (with respect to ground) received on the RTIP pin generates a logic 1 on RPOS, 
and a positive pulse received on the RRING pin generates a logic 1 on RNEG. 





RDATA - Receive Data - Pin 7 (Extended Hardware Mode). 
Data recovered from the RTIP and RRING inputs is output at this pin, after being decoded by the 
line code decoder. RDATA is NRZ. RDATA is stable and valid on the falling edge of RCLK. 
Used only in the extended hardware mode (CS61574A and CS61575). 


TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16. 
The AMI signal is driven to the line through these pins. In the CS61575 and CS61574A, this 
output is designed to drive a 75 Q load. A transformer is required as shown in Table A2. 


In the CS61574, this output is designed to drive a 25 Q load. A 2:1 step-up transformer is 
required as shown in Table A4. When driving 75 © coax cable, two 2.2 Q resistors should be 
added in series with the transformer primary. The transmitter will drive twisted-pair cable, 
terminated with 100 Q or 120 Q, without additional components. 


Ordering Guide 


Model Frequency FIFO Depth (Bits) Package 
CS61575-IP1 T1 & PCM-30 192 28-pin Plastic DIP 
CS61575-1L1 T1 & PCM-30 192 28-pin PLCC 
CS61574A-IP1 T1 & PCM-30 32 28-pin Plastic DIP 
CS61574A-IL1 T1 & PCM-30 32 28-pin PLCC 
CS61574-ID T1 only 32 28-pin CERDIP 
CS61574-ID1 T1 & PCM-30 32 28-pin CERDIP 
CS61574-IP T1 only 32 28-pin Plastic DIP 
CS61574-IP1 T1 & PCM-30 32 28-pin Plastic DIP 
CS61574-IL T1 only 32 28-pin PLCC 
CS61574-IL1 T1 & PCM-30 32 28-pin PLCC 
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APPLICATIONS 


Control 
is 
Monitor 


DPM = CS61574, 


CS61574A, 


MODE 


Frame 


Format 


~ Encoder/ 
Decoder 





RGND 






CS61 








FREQUENCY |CABLE | R1&2| R3&4 | Transmit Crystal 

DEVICE MHz 2) -?: $2 | Transformer XTL 
1.544 110 | 200 
CS61574 2.048 120 .| 240 
2.048 75 150 


200 
‘| 240 
150 


CS61574A 1.544 110 
OR 2.048 120 
~ CS61575 2.048 ss 


em 
575 Se | RECEIVE 
Host 
Mode 


ca 0.47UF RS" 
16 
és LINE 
Ra TRANSMIT 


* Not always required 
TGND 
14 


CXT6176 
CXT8192 
CXT8192 


CXT6176 
CXT8192 
CXT8192 


















Figure Al. Host Mode Configuration 


Line Interface 


Figures Al-A3 show the typical configurations 
used to connect the line interface to a line through 
transmit and receive transformers. Note that the 


CS61574A/CS61575 transmitter transformer re-. 


quirements have changed from those of the 
CS61574. This new transformer allows the 
CS61574A/CS61575’s lower power driver to be 
implemented. | 


The receiver transformer is center tapped and 
center grounded with resistors between the center 


tap and each leg on the IC side. These resistors 
provide the termination for the line. 


Figures A1-A3 show a 0.47 WF capacitor in series 
with the transmit transformer primary. This 
capacitor is needed to prevent any buildup in the 
core of the transformer due to any DC imbalance 
that may be present at the differential outputs, 
TTIP and TRING. If DC saturates the trans- 
former, a DC offset will result during the 
transmission of a space (zero) as the transformer 
tries to dump the charge and return to equi- 
librium. The blocking capacitor will keep DC 
current from flowing in the transformer. 
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LEN1 
LEN2 





tos CS61574, 


ppm CS61574A, FIP 
gg Sor i] 
CS61575 ze | RECEIVE 
RPOS in 
RRING 


RNEG Hardware 
RCLK Mode MTIP 


MRING 


TRING 


* 0.47uF R3* 
16 


ane 





TTIP 


* Not always required 





RGND TGND 


22 14 


Figure A2. Hardware Mode Configuration 


Control 
& 
Monitor 


+5V 
* 4.0uF 
TGND 





19 CT 2:1 
Loop CS61574A en 
or LINE 
RECEIVE 


MODE 
Extended 


AIS CS61575 sre § 
Fe in RRING 


Frame 
Format 
Encoder/ 





TCODE 


Hardware 
Mode 0.47uF 





RGND TGND 
22 14 


Figure A3. Extended Hardware Mode Configuration 
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CS61575 and CS61574A Transmitter 
Transformer 


Target transformer specifications for the 


CS61574A and CS61575 transmitter are given in 
Table Al. The use of other transformer specifica- 
tions can also result in acceptable performance. 


Turns ratios: 
1:1.26 +1.5% for 120 ohm G.703 cable 
1:1 +1.5% for 75 ohm G.703 cable 
1:1.15 + 5% for 100 ohm T1 cable. 


Primary inductance: 1.5 mH min measured 
at 772 kHz. | 


Primary Leakage inductance: 0.3 wH max 
at 772 kHz with secondary shorted. 


Secondary Leakage Inductance: 0.4 »H max 
at 772 kHz. 


Interwinding capacitance: 18 pF max, 
primary to secondary 


ET-constant: 16 V-us minimum for T1; 
12 V-us minimum for PCM-30. 





Table Al. CS61574A and CS61575 Transmittter 
Transformer Specifications. 















Transformer Used with 
CS61574 



























Application 


Pulse Eng. PE-64931 
Schott 67112060 Pulse Eng. | PE-65387 
Schott 67115100 Schott | 67124980 


PCM-30 Pulse Eng. PE 65400 
75 2 


PCM-30 
120 


Table A2 lists transformers which have been 
qualified by Crystal Semiconductor for use when 
upgrading existing CS61574 boards to the 
CS61574A or CS61575. Table A3 lists trans- 
formers for new board designs. Table A3 
transformers provide higher isolation perfor- 
mance (as may be required for European 


- applications). 





PE-65388 
67124840 


Pulse Eng. 
nm Schott 
PE-65389 
67124850 


PCM-30 | Pulse Eng. 
Schott 


Table A3. Recommended CS61574A and CS61575 
Transmit Transformers for New Designs 


Receiver Transformers 


The receivers of the CS61575, CS61574A and 
CS61574 use a 1:1:1 + 5% transformer. Since 
pulse shapes are not measured at the receiver, 
the receive transformer specifications are not 
critical. Specifications similar to that for the 
CS61574 transmitter transformer (Table A4) pro- 
vide excellent performance. | 


_Transformer for Use 
with CS61574A, CS61575 












PE 65401 


Table A2. CS61574A and CS61575 Transmitter Transformers for existing CS61574 boards 
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CS61574 Transmit Transformers 


Key CS61574 transmit transformer specifications 
are given in Table A4. Transformers listed in 
Table A5 have been found to be suitable for use 
with the CS61574. Figure A4 shows the connec- 
tions for some of the recommended transformers 
for the transmitter. 


Turns ratio: 1:2 (or 1:1:1)+5% 


Primary inductance: 600 WH min measured 
at 772 kHz. 


Leakage inductance: 1.3 WH max at 772 kHz 
with secondary shorted. 


Secondary leakage inductance: 0.4 WH max 
at 772 kHz. 


Interwinding capacitance: 23 pF max, 
primary to secondary. 


ET-constant: 16V-us minimum for T1; 
12 V-us minimum for PCM-30. 


Table A4. Receiver and CS61574 Transmitter 
Transformer Specifications 














[Manufacturer [Pan 


Note: The Pulse Eng. 1682x and 5764 are still 
acceptable, but the other Pulse Engineering transformers 
are preferred. The Schott 67112060 is still acceptable, 
but the above Schott transformers are preferred. 


Table A5. Recommended Receiver and CS61574 
Transmitter Transformers 


DS20PP5 





Interfacing The CS61575 and CS61574A With 
the CS2180B T1 Transceiver 


To interface with the CS2180B, connect the 
devices as shown in Figure AS. In this case, the 
line interface and CS2180B are in host mode con- 
trolled by a microprocessor serial interface. If the 
line interface is used in hardware mode, then the 
line interface RCLK output must be inverted 
before being input to the CS2180B. If the 
CS61575 or CS61574A is used in extended 
hardware mode, the RCLK output does not have 
to be inverted before being input to the CS2180B. 


3 
IC 4 LINE 
SIDE 5 SIDE 
ss 6 


Bell Fuse 0553-5006-IC 
Schott Corp. 67112060 & 67115100 
Pulse Engineering 5764 & PE-64931 


Figure A4. Some Recommended Transmitter 
Transformer Configurations 


TO HOST CONTROLLER 


id 
1.544 MHz 
CLOCK y__,JACLKI_ CLK | 


ET] 
SIGNAL 
HTOLK SCLK FE 












CS2180B CS61575 


CS61574A 


Figure A5. Interfacing the CS6157x with a CS2180B 
(Host Mode) 
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Transmit Side Jitter Attenuation 


In some applications it is desirable to attenuate 
jitter from the signal to be transmitted. A 
CS61575 in local loopback mode can be used as a 
jitter attenuator. The inputs to the jitter attenuator 
are TPOS, TNEG, TCLK. The outputs from the 
jitter attenuator are RPOS, RNEG and RCLK. | 


Selecting an Oscillator Crystal 


Specific crystal parameters are required for 
proper operation of the jitter attenuator. It is 
recommended that the Crystal Semiconductor 
CXT6176 crystal be used for T1 applications and 
the CXT8192 crystal eer used for PCM-30 ap- 
plications. | 


Designing for AT&T 6241 I 


For additional information on the requirements of 
AT&T 62411 and the design of an appropriate 
system synchronizer, please refer to the Crystal 
Semiconductor Application Notes: "AT&T 62411 
Design Considerations — Jitter and Synchroniza- 
tion" and "Jitter Testing Procedures for 
Compliance with AT&T 62411". 


Designing for TI Long Haul Applications 
Please refer to the Crystal Semiconductor Ap- 


plication Note: "T1 Long Haul Physical Layer 
Interface”. | | 
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PCM Line Interface 
Features General Description 
@ Provides Analog PCM Line Interface for The CS6158 and CS6158A combine the analog trans- 
T1 and PCM-30 Applications mit and receive line interface functions for a T1/PCM-30 


interface in a single 28-pin device. The line interface 

unit (LIU) operates from a single 5 volt supply and is 

transparent to the framing format. Crystal’s EX- 

Provides Line Driver, and Data and PERT Pulse™ circuitry shapes the transmit pulse 

Clock Recovery Functions internally, providing the appropriate pulse shape for 

CCITT G.703, or for connecting to DSX-1 cross-con- 

i p C ti nects for line lengths ranging from 0 to 655 feet. These 

OW ower Vonsumpton devices offer pin compatibility with the higher 

(typically 175 mW) functionality CS61535, CS61535A, CS61574, and 
CS61574A. 


@ Internal generation of transmitted pulse | Applications 
width and pulse shape. 


Synchronous communication systems which employ 
frame buffers, including: 


® 14 dBof Transmitter Return Loss * Central Office Exchanges 


* Digital Access and Cross Connect Systems 


® Fully Monolithic Clock Recovery * Large PABX’s 
ORDERING INFORMATION 
e Mini CS6158A-IP1 28 Pin Plastic DIP. T1 & PCM-30 
ee ae lin peu te CS6158A-IL1 28 Pin PLCC Tt & PCM-30 
(no external crystal required) CS6158-IP1 28 Pin Plastic DIP 11 & PCM-30 


CS6158-IL1 28 Pin PLCC T1 & PCM-30 
Block Diagram | 





ee citadel etal foe ee 







15 | 


DRIVER 
MONITOR 


: O O O O O : 
LLOOP RLOOP ACLKI LOS RV+ RGND1 RGND2 





Preliminary Product Information This document contains information on a new product. Crystal 
| Semiconductor reserves the right to modify this product without notice. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter | _ Symbol 


DC Supply (referenced to GND) R 6.0 Vo 
-_ | T (RV+) + 0.3 V 


| V+ 
| [| TV+ | 
Input Voltage, Any Pin _(Note 1) | Vin | RGND-0.3 (RV+) + 0.3 
| 
: | | 
Tete | 









( 
nput Current, Any Pin” (Nota) [Tm | 10 ~| 10~| mA 


WARNING: Operations at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. | 
Notes: 1. Excluding RTIP, RRING, which must stay within -6V to (RV+) + 0.3V. 
2. Transient currents of up to 100 mA will not cause SCR latch-up. Also TTIP, TRING, TV+ and TGND 
can withstand a continuous current of 100 mA. 





RECOMMENDED OPERATING CONDITIONS 


Symbol [Win [ Typ 
DCS RV, TV 
Ambient Operating Temperature | oT, | -40 


Ty 

CS6158A Power Consumption _ (Note 4) 
100% ones density & max. line Spat Ase Po 290 350 mW 
CS6158A Power Consumption — (Note4) | - | 
50% ones density & 300 ft. line length b 5.0V Po 17 mW 
CS6158 Power Consumption (Note 4) | omWw 
100% ones density & max. line oe @ 5.25V Po . 620 760 
50% ones density & 300 ft. line length @ 5.0V C 
Notes: 3. TV+ must not exceed RV+ by more than 0.3V. — 

4. Power consumption while driving 25 Q load over operating temperature range. Includes CS6158 
and load. Digital input levels are within 10% of the supply rails and digital outputs are driving a 50 pF 


capacitive load. , 


CS6158A DIGITAL CHARACTERISTICS (1a =- 40° to 85°C; TV+ ,RV+ = 5.0V £5 %: 


_ Parameter Symbol 
High-Level Input Voltage (Note 5) Ca 4 
PINS 1-4, 23-28 
Low-Level Input Voltage | (Note 5 Vy 


NS 1-4, 23-28 










) 
High-Level Output Voltage (Note 5) V 
lout=-40 uA PINS 6-8, 11, 12 


Vin 

Vin 

OH 

Low-Level Output Voltage (Note 5) V 
louT=1.6mA  —_—_s~P'INS 6-8, 11, 12 OL 

Input Leakage Current eS 


Notes: 5. This specification guarantees TTL compatibility (VoH = 2.4V @ louT = -40pA). 
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CS6158 DIGITAL CHARACTERISTICS $ (ta=- 40° to 85°C; TV+ ,RV+ =5.0V + 5%; 
GND = 0V) | : 


High-Level Input Volt Not 
yg Pe One O SINS 1 4. B24 


Low-Level Input Voltage, 
NS 1 ia NOS. 28 


High-Level Output iciece (Note 6) 
lout=-40 uA PINS 6-8, 11, 12 


Low-Level ay Voltage (Note 6) 
louT= 1.6 PINS 6-8, 11, 12 


Input cae eer 


Notes: 6. Output drivers will output CMOS logic levels into a CMOS load. 








ANALOG SPECIFICATIONS (Ta=- 40° to 85°C; TV+ ,RV+ = 5.0V + 5%; GND = ov) 


Parameter 


DRIVER PERFORMANCE MONITOR 
CS6158A MTIP/MRING Sensitivity: 


Differential Voltage meged for poeclon ny 
ith one input at 


With one input at 0 V 
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ANALOG SPECIFICATIONS TA =- 40° to 85° c: TV+ RVs = 5.0V + 5%: GND = ov) | - 






Parameter _ 
TRANSMITTER _ 
AMI Output Pulse Amplitudes — 


Line Length Selections LEN2/1/0 = 0/0/0 & 0/1/0 
(Measured at xfmr output; for 0/0/0 see Figure 5) 















All line length settings except, LEN2/1/0 = 0/0/0, 0/1/0 
(Measured at the DSX; Normalization factor for Figure 4) 


Load Presented To Transmitter Output —_ (Note 7) 
oe ~ CS6158A — 
~CS6158 
Jitter Added by the — {0Hz - 8kHz 
Transmitter — BkHz - 40kHz 
ee ee : 10Hz - 40kHz 
| (Note 8) | Broad Band 
Power in 2kHz band about 1.544MHz (Note 9) 
(referenced to power at 772kHz) | , 



















NO 
\<e) 


Positive to Negative Pulse Imbalance (Note 9) 


CS6158A PCM-30 Transmitter (Notes 7, 17) 


POUIEOSS 51kHz - 102kHz 
= 102kz - 2.048MHz 14 
2.048MHz - 3.072MHz 10 


‘ 
Co 


RECEIVER 
Sensitivity Below DSX (0dB = 2.4V) 
Loss of Signal Threshold 


-10 
Data Decision Threshold T1 pulse settings 
PCM-30 LEN2/1/0 = 000 

0.4 

6.0 








“% Of peak 


Allowable Consecutive Zeros before LOS 





bits 










Receiver Input Jitter ; 
Tolerance (Note 10} 10kHz - 100kHz 





2 kHz UI 
| 10Hz and below 300 | 
CS6158A RTIP/RRING Input Impedance ra 50k pe Ohms 


Notes: 7. Using transformers as recommended in Application Section. _ 
8. Input signal to TCLK is jitter free. 
9. Typical performance with 0.47 uF capacitor in series with primary of transmitter output transformer. 
Not production tested. Parameters guaranteed by design and characterization. 
10. See Figure 7. : 
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T1 SWITCHING CHARACTERISTICS (ta =- 40° to 85°C; TV+ ,RV+ = 5.0V. + 5%: 


GND = OV; Inputs: Logic 0 = OV, Logic 1 = RV+) 
fF Parameter «| «Symbol | Min | Typ | Max 
tek [= [saa [=| i 
P{ts44 |= 









ah, 
on} 
RSC 


TCLK Frequency 
ACLKI Frequency (Note 11) 1.544 



















CS6158A RCLK Cycle Width 320°): x 980 

When Phase Locked 130 | 190 | 240 = 
(Notes 12, 13, 15) 100 | 458 | 850 

CS6158 RCLK Cycle Width 20 | 648 


When Phase Locked 






(Notes 12, 13, 15) 


3 | 
508 

100 
GSETSEARGLK Duty Cyd (Notes 12.19.75) [tpwht /tpwt | - 
56158 ACLK Duy Gylo Notes 12.18.18) [tpwnt /ipws | — 
Fise Tine, AlDigialOupus Note 14) | tr | 
Fal Time Al Dial Oupus ‘(Note 14) | th | 
z 
FAGLK to RPOS/AWEG Hold Time (Notes 18.78) | tm | 60 


TCLK Falling to TPOS/TNEG Hold Time th2 25 


Notes: 11. ACLKI provided by an external source or TCLK. | 

12. RCLK cycle width will vary with extent by which received pulses are displaced by jitter. 

13. Max & Min RCLK duty cycles and pulse widths and RX setup and hold times are for worst.case jitter 
conditions: i.e. 0.4 Ul AMI data displacement for T1 or 0.2 UI AMI data displacement for CCITT 
2.048 MHz. See text section on Jitter and Recovered Clock. 

14. At max load of 1.6 mA and 50 pF. 

15. Not production tested. Guaranteed by design and/or characterization. 

16. The transmitted pulse width for LEN2/1/0 = 0/0/0 is tied to the high cycle of TCLK for the CS6158. 

17. Return loss = 20log10ABS((Z1+2Z0)/(Z1-Zo)) where z1 = impedance of transmitter, and Zo = impedance 
of line load. Measured with alternating 1010 pattern. 
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Figure 1. - Signal Rise and Fall Characteristics 
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PCM-30 SWITCHING CHARACTERISTICS (Ta =- 40° to 85° C; TV+ |RV+ = 5.0V + 5%: 
GND = OV; Inputs: Logic 0 = OV, Logic 1 = RV+) , cee 7 . 
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Figure 2. - Recovered Clock and Data Switching Characteristics 
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Figure 3. - Transmit Clock and Data Switching Characteristics 
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THEORY OF OPERATION 
Enhancements in CS6158A 


The performance impovements made to the ’A’ 
version of the CS6158 are the following: 


¢ 50% reduction in power consumption 

¢ 14 dB of transmitter return loss (during trans- 
mission of both marks and spaces) improves 
signal quality 

¢ The pulse width of PCM-30 transmitted pul- 
ses is set internally by the CS6158A (and not 
by the TCLK input duty cycle) 

¢ Upon power up, RCLK immediately starts 
and LOS (oss of signal) is set high 

¢ When the transmitter senses the absence of a 
signal on TCLK, TTIP and TRING are forced 
to zero. 

¢ The loss of signal condition is exited upon 
recognition of 12.5% one’s density (4-of-32 
and no more than 14 consecutive zeros) 

¢ The driver performance monitor operates over 
a wider range of input signal levels 


The CS6158A is a pin compatible replacement 
for the CS6158 which maintains compatibility 
with existing printed circuit board designs. The 
upgrade of an existing design requires specifica- 
tion of the CS6158A instead of the CS6158 and 
specification of a new pin compatible transmitter 
transformer from table A2 in the applications sec- 
tion. The new transformer supports the lower 
power consumption. 


Transmitter 


The transmitter takes data from a T1 (or PCM-30) 
terminal and produces pulses of appropriate 
shape. The transmit clock (TCLK) and transmit 
data (TPOS & TNEG) are supplied synchronous- 
ly. Data is sampled on the falling edge of the 
input clock. 
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Table 1 - Line Length Selection 






Either Tl (DSX-1 or Network Interface) or PCM- 
30 G.703 pulse shapes may be selected. Pulse 
shaping and signal level are determined by "line 
length select" inputs as shown in Table 1. The 
CS6158A line driver is designed to drive a 75 Q 
equivalent load. The CS6158 drives a 25 Q load. 


For PCM-30 applications, the CS6158A driver 
provides 14 dB of return loss during the transmis- 
sion of both marks and spaces. This improves 
signal quality by minimizing reflections off the 
transmitter. Similar levels of return loss are 
provided for T1 applications. 


NORMALIZED 
AMPLITUDE 





‘\ ataT cB 119 
| SPECIFICATION 


0.5 


— 
— se 


TIME (nanoseconds) 


Figure 4 - Typical Pulse Shape at DSX-1 Cross | 


3-163 





- CS6158A 










Nominal peak voltage ofa mark (pulse) 


Peak voltage of a space (no pulse) 







Nominal pulse width 


Ratio of the ariptudes of poaiive and negative 
pulses at the center of the pulse interval 







* 


~ shown in Figure A1. 


For coaxial cable, 
75 ohm load and 
transformer specified 
in Application. 
Section | 


2.37 V 
0+0.237.V | 0+0.3V 7 | 


0.95 to 1.05 * 






Ratio of the widths of positive and negative pulses 
at the nominal half amplitude 


When configured with a 0.47 uF nonpolarized capacitor in series with the Tx transformer primary: as 













For shielded twisted pair, 
120 ohm load and 
transformer specified - 

in Application 

Section. 







0.95 to 1.05 


Table 2 - CCITT G.703 Pulse Specifications 


For T1 DSX-1 ere line lengths from 0 to 
655 feet (as measured from the CS6158A or 
CS6158 to the DSX-1 cross connect) are selec- 
table. The five partition arrangement meets 
CB-119 requirements when using ABAM cable. 
A typical output pulse is shown in Figure 4. 


Percent of 
nominal 





Figure 5 - Mask of the Pulse at the 2048 kbps Interface 
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These pulse settings can also be used to meet 
CCITT pulse shape requirements for 1.544 MHz 
ope tanen: 


For T1 Network Interface applications, additional 
options are provided. Note that the optimal pulse 
width for Part 68 (324 ns) is narraower than the 
optimal pulse width for DSX-1 (350 ns). The 
CS6158A automatically adjusts the pulse width 
based upon the "line enews selection made. 


The PCM-30 G.703 pulse shape is ppSHEL with 
line length selection LEN2/1/0=000. The pulse 
width will meet the G.703 pulse shape template 
shown in Figure 5, and specified in Table 2. 


Only in the case of CS6158 and LEN2/1/0 = 000, 
the width of this pulse is determined by the high 
cycle of TCLK. The pulse will meet the CCITT 
pulse shape template shown in Figure 5, and 
specified in Table 1, assuming the TCLK duty 
cycle and frequency are appropriate. The rising 
and falling edge of TCLK control the time at 
which the rising and ane edges of the output 
pulse occur, 


The CS6158A transmitter will detect a failed 
TCLK, and will insure that neither TTIP nor 
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TRING gets stuck high. If the clock signal 1s 
removed from TCLK on the CS6158, TPOS and 
TNEG should both be low during the last falling 
edge of TCLK. This places the CS6158 in a low- 
power dissipation mode. 


When any transmit control pin (TAOS, LENO-2 
or LLOOP) is toggled, the transmitter stabilizes 
within 22 bit periods. The transmitter will take 
longer to stabilize when RLOOP 1s selected be- 
cause the timing circuitry must adjust to the new 
frequency. 


Transmit All Ones Select 


The transmitter provides for all ones insertion at 
the frequency of TCLK. Transmit all ones is 
selected when TAOS goes high, and causes con- 
tinuous ones to be transmitted on the line (TTIP 
and TRING). In this mode, the TPOS and TNEG 
inputs are ignored. If Remote Loopback is in ef- 
fect, any TAOS request will be ignored. 


Receiver 


The receiver extracts data and clock from an AMI 
(Alternate Mark Inversion) coded signal and out- 
puts clock and synchronized data. The receiver is 




















Data 
Level 
Slicer 


Edge 
Detector 


sensitive to signals down to approximately 
300 mV in amplitude and requires no equaliza- 
tion or ALBO (Automatic Line Build Out) 
circuits. The signal is received on both ends of a 
center-tapped, center-grounded transformer. The 
transformer is center tapped on the CS6158A or 
CS6158 side. The clock and data recovery circuit 
exceeds the jitter tolerance specifications of 
Publications 43802, 43801, 62411 amended, TR- 
TSY-000170, and CCITT REC. G.823. 


A block diagram of the receiver is shown in 
Figure 6. The two leads of the transformer (RTIP 
and RRING) have opposite polarity allowing the 
receiver to treat RTIP and RRING as unipolar sig- 
nals. Comparators are used to detect pulses on 
RTIP and RRING. The comparator thresholds are 
dynamically established at a percent of the peak 
level (50% of peak for PCM-30, 65% of peak for 
T1; with the slicing level selected by LEN2/1/0 
inputs). 


The receiver uses an edge detector and a con- 
tinuously calibrated delay line to generate the 
recovered clock. The delay line divides its 
reference clock, ACLKI, into 13 equal divisions 
of phases. Continuous calibration ensures timing 


Data 
Sampling 
& 


Clock 
Extraction 


RPOS 
RNEG 
RCLK 
















Clock 
Phase 
Selector 


Continuously 
Calibrated 
Delay Line 


ACLKI 


Figure 6. - Receiver Block Diagram 
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accuracy, even if temperature or power supply 
voltage fluctuate. 


The leading edge of an incoming data pulse trig- 
gers the clock phase selector. The phase selector 
chooses one of the 13 available phases which the 
delay line produces for each bit period. The out- 
put from the phase selector feeds the clock and 
data recovery circuits which generate the 
recovered clock and sample the incoming signal 
at appropriate intervals to recover the data. The 
jitter tolerance of the receiver exceeds that plot 
shown in Figure 7. 


The CS6158 device outputs a clock at RCLK 
after the first signal is input to RTIP/RRING. The 
CS6158A outputs a clock on RCLK immediately 
upon power-up. In either case, the clock recovery 
circuit is calibrated, and the device will lock onto 
the AMI data input immediately. If loss of signal 
occurs, the RCLK frequency will equal the 
ACLKI frequency. 


Data at RPOS and RNEG is stable and may be 
sampled on the rising edge of the recovered 
clock. 


300 
100 


PEAK 28 
TO 
PEAK 10 


JITTER 
(unit intervals) 





100 300 700 1k 10k 100k 
JITTER FREQUENCY (Hz) 


0 10 


Figure 7. - Input Jitter Tolerance of Receiver 


3-166 


Jitter and Recovered Clock 


The CS6158A and CS6158 are designed for error 
free clock and data recovery from an AMI en- 
coded data stream in the presence of more than 
0.4 unit intervals of jitter at high frequency. The 
clock recovery circuit is also tolerant of long 
strings of zeros. The edge of an incoming data bit 
causes the circuitry to choose a phase from the 
delay line which most closely corresponds with 
the arrival time of the data edge, and that clock 
phase triggers a pulse which is typically 140 ns in 
duration. This phase of the delay line will con- 
tinue to be selected until data bit arrives which is 
closer to another of the 13 phases, causing a new 
phase to be selected. The largest jump allowed 
along the delay line is six phases. | 


When an input signal is jitter free, the phase 
selection will occasionally jump between two ad- 
jacent phases resulting in RCLK jitter with an 
amplitude of 1/13 UI. These single phase jumps 
are due to differences in frequency of the incom- 
ing data and the calibration clock input to 
ACLKI. For T1 operation of the CS6158A and 
CS6158, the instantaneous period can be 14/13 * 
648 ns = 698 ns (1,662,769 Hz) or 12/13 * 648 ns 
= 598 ns (1,425,231 Hz) when adjacent clock 
phases are chosen. As long as the same phase is 
chosen, the period will be 648 ns. Similiar cal- 
culations hold for PCM-30 rates. 


The clock recovery circuit is designed to accept at 
least 0.4 UI of jitter at the receiver. Since the data 
stream contains information only when ones are 
transmitted, a clock/data recovery circuit must as- 
sume a zero when no signal is measured during a 
bit period. Likewise, when zeros are received, no 
information is present to update the clock 
recovery circuit regarding the trend of a signal 
which is jittered. The result is that two ones that 
are separated by a string of zeros can exhibit 
maximum deviation in pulse arrival time. For ex- 
ample, one half of a period of jitter at 100 kHz 
occurs in 5 Us, which is 7.7 T1 bit periods. If the 
jitter amplitude is 0.4 UI, then a one preceded by 
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seven zeros can have maximum displacement in 
arrival time, i.e. either 0.4 UI too early or 0.4 UI 
too late. For the CS6158A and CS6158, the data 
recovery circuit correctly assigns a received bit to 
its proper clock period if it is displaced by less 
than 6/13 of a bit period from its optimal location. 
Theoretically, this would give a jitter tolerance of 
0.46 UI. The actual jitter tolerance of the 
CS6158A and CS6158 is only slightly less than 
the ideal. 


In the event of a maximum jitter hit, the RCLK 
clock period immediately adjusts to align itself 
with the incoming data and prepare to accurately 
place the next one, whether it arrives one period 
later, or after another string of zeros and is dis- 
placed by jitter. For a maximum early jitter hit, 
RCLK will have a period of 7/13 * 648 ns = 
349 ns (2,865,961 Hz). For a maximum late jitter 
hit, RCLK will have a period of 19/13 * 648 ns = 
947 ns (1,055,880 Hz). 


Loss of Signal 


Receiver loss of signal is indicated upon receiv- 
ing 175 consecutive zeros. A digital counter 
counts received zeros based on RCLK cycles. A 
zero input is determined either when zeros are 
received, or when the received signal amplitude 
drops below a 0.3 V peak threshold. 


The receiver reports loss of signal by setting the 
Loss of Signal pin, LOS, high. In a loss of signal 
state, the RCLK frequency will be equal to the 
ACLKI frequency since ACLKI 1s being used to 
calibrate the clock recovery circuit. Received data 
is output on RPOS/RNEG regardless of LOS 
status. In the CS6158, LOS returns to a logic zero 
upon receipt of the first bit at the RTIP/RRING 
inputs. In the CS6158A, LOS returns to logic 
zero when the received signal returns to 12.5% 
ones density (based on 4 ones out of 32 bit 
periods, and no more than 14 zeros in a row). 


Also in the CS6158A, a power-up or manual reset 
will set LOS high. 
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Local Loopback 


The local loopback mode takes clock and data 
presented on TCLK, TPOS, and TNEG, and out- 
puts it at RCLK, RPOS and RNEG. Receiver 
inputs are ignored when local loopback is in ef- 
fect. Local loopback is selected by taking 
LLOOP, pin 27, high. 


Remote Loopback 


In remote loopback, the recovered clock and data 
input on RTIP and RRING are sent back out on 
the line via TTIP and TRING. The recovered in- 
coming signals are also sent to RCLK, RPOS and 
RNEG. A remote loopback occurs in response to 
RLOOP going high. Simultaneous selection of 
local and remote loopback modes is not valid (see 
Reset). 


In remote loopback, the recovered clock is used 
to calibrate the transmitter delay line. Because 
RCLK cycle times vary, selecting RLOOP will 
result in adding jitter to the transmitted data. 
Therefore selection of the RLOOP function on a 
functioning link is not recommended. Rather, it is 
recommended that remote loopbacks be impli- 
mented external to the CS6158A and CS6158, for 
example, by using a frame buffer in the data path 
between the CS6158A and CS6158 receiver and 
transmitter. 


Driver Performance Monitor 


To aid in early detection and easy isolation of 
nonfunctioning links, the CS6158A and CS6158 
are able to monitor transmit drive performance 
and report when the driver is no longer operation- 
al. This feature can be used to monitor either the 
device’s performance or the performance of a 
neighboring driver. The driver performance 
monitor indicator is normally at a low (zero) logic 
level, and goes to high level upon detecting driver 
failure. | | 
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The driver performance monitor consists of a 
receiver that monitors the transmitted AMI signal 


on input pins, MTIP and MRING. If no valid | 


AMI signal is present on MTIP and MRING for 
64+2 clock cycles, the DPM pin goes high. 


Whenever more than one line interface IC resides 


on the same circuit board, the effectiveness of the 
driver performance monitor can be maximized by 
having each IC monitor performance of a neigh- 
boring device, rather than having it monitor its 
own performance. | 


For the CS6158 only, the following application 
procedure is recommended to provide immunity 
from spurious DPM reports. If the controller on 
the line card detects that DPM has gone high, the 
controller should reconfirm that DPM is still high 
before taking actions to respond to the driver 
failure. The intent of the reconfirmation is to 
screen out events where DPM goes high for a few 
bit periods, erroneously indicating a driver 
problem. This situation can occur only when ones 
density is very low. > an 2 


Power On Reset / Reset 


Upon power-up, the CS6158A and CS6158 are 
held in a static state until the supply crosses a 
threshold of approximately three volts. When this 
threshold is crossed, the device will delay for 
about 10 ms to allow the power supply to reach 
operating voltage. After this delay, calibration of 
the delay lines used in the transmit and receive 
sections commences. The delay lines can be 
calibrated only if a reference clock is present. The 
reference clock for the receiver is provided by 
ACLKI. The reference clock for the transmitter is 
provided by TCLK. The initial calibration should 
take less than 20 ms. 


In operation, the delay lines are continuously 
calibrated, making the performance of the device 
independent of power supply or temperature 
variations. The continuous calibration function 
foregoes any requirement to reset the line inter- 
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face when in operation. However, a reset function 
is available which will clear the internal logic. 


A reset request is made by simultaneously setting 
both RLOOP and LLOOP high for at least 200 ns. 
Reset will initiate on the falling edge of the reset 
request (falling edge of RLOOP or LLOOP). 


In the CS6158A, a reset will set LOS high. 
Power Supply 


The device operates from a single 5 volt supply. 
Separate pins for transmit and receive supplies 
provide internal isolation. However these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. 
TV+ must not exceed RV+ by more than 0.3V. 


Decoupling and filtering of the power supplies is 
crucial for proper operation of the analog circuits 
in both the transmit and receive paths. The best 
way to configure the power supplies is to tie TV+ 
to RV+ at the chip. A 1.0 UF capacitor should be 
connected between TV+ and TGND, and a 0.1 UF 
capacitor should be connected between RV+ and 
RGND. Use mylar or ceramic capacitors and 
place them as close as possible to their respective 
power supply pins. A 68 uF tantalum capacitor 
should be added close to the RV+/RGND supply. 
If TV+ and RV+ are supplied by different traces, 
68 LF capacitors should be used on both supplies. 
Wire wrap bread-boarding of the CS6158A and 
CS6158 is not recommended because lead resis- 


tance and inductance serve to defeat the function 


of the decoupling capacitors. 
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PIN DESCRIPTIONS 
ALT. EXTERNAL CLOCK INPUT ACLKI TRANSMIT ALL ONES SELECT 
TRANSMIT CLOCK TCLK LOCAL LOOP BACK 
TRANSMIT POSITIVE PULSE TPOS REMOTE LOOP BACK 


TRANSMIT NEGATIVE PULSE TNEG 
RECEIVE GROUND2 RGND2 
RECEIVED NEGATIVE PULSE RNEG 


BIT 2 OF LINE LENGTH SELECT 
BIT 1 OF LINE LENGTH SELECT 
BIT 0 OF LINE LENGTH SELECT 


RECEIVED POSITIVE PULSE RPOS RECEIVE GROUND1 
RECOVERED CLOCK RCLK RECEIVE V+ (+5VDC) 
RESISTOR TERMINATION RT RECEIVE RING 
NO CONNECT NC RECEIVE TIP 
DRIVER PERFOMANCE MONITOR DPM MONITORED RING 
LOSS OF SIGNAL LOS MONITORED TIP 


TRANSMIT TIP TTIP 
TRANSMIT GROUND TGND JU 


TRANSMIT RING 
TRANSMIT V+ (+5VDC) 





ACLKI 


TCLK TAOS 
TPOS \ / LLOOP 
TNEG —__. \ J s-— RLOOP 
LEN2 
LEN1 
LENO 
RGND1 
RV+ 


RRING 
RTIP 


ca oe \ “— MRING 
/ \ MTIP 
TGND TRING 


TV+ 





Power Supplies 


TV+ - Positive Power Supply, Transmit Drivers, Pin 15. 
Positive power supply for the transmit drivers; typically +5 volts. TV+ must not exceed RV+ by 
more than 0.3V. : 


TGND - Ground, Transmit Drivers, Pin 14. 
Power supply ground for the transmit drivers; typically 0 volts. 


RV+ - Positive Power Supply, Pin 21. 
Positive power supply for the device, except transmit drivers; typically +5 volts. 


RGND1, RGND2 - Ground, Pins 22 and 5 
Power supply grounds for the device, except transmit drivers; typically O volts. 
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Control 


LLOOP - Local Loopback, Pin 27. : | 
Setting LLOOP to a logic 1 routes the transmit dick and data to the receive clock and data pins. 
TCLK and TPOS/TNEG are still transmitted. Inputs on RTIP and RRING are ignored. 


RLOOP - Remote soon bade: Pin 26. 
Setting RLOOP to a logic 1 causes the recovered clock and data to be sent : otbe the driver 
back to the line. The recovered signal is also sent to RCLK and RPOS/RNEG. 


Simultaneously taking RLOOP and LLOOP high for at least 200 ns initiates a device reset. 


LENO, LEN1, LEN2 - Line Length Selection, Pins 23, 24 and 25. 
Determines the shape and amplitude of the transmitted pulse to accommodate several cable types 
and lengths. See Table 1 for information on line length selection. 


TAOS - Transmit All Ones select, Pin 28. 
Setting TAOS to logic 1 causes continuous ones to mike transmitted at the frequency selected by 
TCLK. 


Inputs 


ACLKI - Alternate External Clock Input, Pin 1. 
Either a 1.544 MHz (or 2.048 MHz for PCM-30) clock must be input to ACLKI, which is used to 
calibrate the receiver delay line. Since ACLKI is used to calibrate the receiver, RCLK will equal 
ACLKI upon loss of signal. : 


TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data 
- Pins 2, 3 and 4. | 
Inputs for clock and data to be transmitted. The signal is driven on to the line through TTIP and 
TRING. TPOS and TNEG are sampled on the falling edge of TCLK. A TPOS input causes a 
positive pulse to be transmitted, while a TNEG input causes a negative pulse to be transmitted. | 


RTIP, RRING - Receive Tip, Receive Ring, Pins 19 and 20. 
The AMI receive signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up 
transformer is required on these inputs, as shown in Figure Al in the Applications section. Data 
and clock are recovered and output on RPOS/RNEG and RCLK. 


RT - Resistor Termination, Pin 9. 
This pin should be connected to a supply rail. Power consumption will be minimized by connect- 
ing pin to RV+ through a 1kQ resistor. 


MTIP, MRING - Monitored Tip, Monitored Ring, Pins 17 and 18. 
These pins are normally connected to TTIP and TRING and monitor the output of a CS6158. If 
the monitors are not used, tying MTIP low and MRING high through a resistor will reduce power 
consumption slightly. 
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Status 


LOS - Loss of Signal, Pin 12. 
LOS goes to a logic 1 when 175 consecutive zeros have been detected. In the CS6158, LOS 
returns to logic O on the first bit received. When in loss of signal state, received ones are output 
at RPOS/RNEG. In the CS6158A, LOS returns to a logic 0 when a 12.5% ones density signal 
returns (determined by receipt of 4 ones within 32 bit periods). 


DPM - Driver Performance Monitor, Pin 11. 
If no signal is present on MTIP and MRING, DPM goes to a logic 1 until the first detected signal. 


Outputs 


RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data 
- Pins 8, 7 and 6. 
The receiver recovered clock and NRZ digital data is output on these pins. RPOS and RNEG are 
stable and valid on the rising edge of RCLK. A positive pulse (with respect to ground) received 


on the RTIP pin generates a logic 1 on RPOS, and a positive pulse received on the RRING pin 
generates a logic 1 on RNEG. 


TTIP, TRING - Transmit Tip, Transmit Ring, Pins 13 and 16. 
The AMI signal is driven to the line through these pins. 


In the CS6158A, this output is designed to drive a 75 Q ohm load. A transformer is required as 
shown in Table Al. | | 


In the CS6158, this output is designed to drive a 25 Q load. A 2:1 step-up transformer is required 
as shown in Table A4. When driving 75 Q coax cable, approximately 4.4 ohms of resistance 
should be added in series with the transformer primary. The transmitter will drive twisted- 
shielded pair cable, terminated with 120 Q, without additional components. 


Miscellaneous 


NC - No Connect, Pin 10 
Pin 10 may be left floating (recommended for new designs), or may be tied to ground. 
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Figure Al. - Typical Connection Diagram 


APPLICATIONS 
Line Interface 


Figure Al shows the typical configuration for the 
CS6158A and CS6158. Note that CS6158A trans- 
mitter transformer requirements have changed 
from those of the CS6158. This new transformer 
allows the CS6158A’s lower power driver to be 
implemented. 


3-172, 


For T1 applications, the receiver transformer is 
center-tapped and center-grounded with 200 Q 
resistors between the center tap and each leg on 
the IC side. These resistors provide the 100 Q ter- 
mination for the T1 line. 


When terminating 2.048 MHz twisted-shielded 
pair cable, 240 Q resistors will provide the re- 
quired 120 Q load. 


For transmitting data at 2.048 MHz onto a 75 Q 
coax cable, the terminating resistors should be 


DS34PP4.1 


CS6158A 





150 Q to provide the necessary 75 Q termination 
to the line. | 


Figure Al shows a 0.47 UF capacitor in series 
with the transmit transformer primary. This 
capacitor is needed to prevent any buildup in the 
core of the transformer due to any DC imbalance 
that may be present at the differential outputs, 
TTIP and TRING. If DC saturates the trans- 
former, a DC offset will result during the 
transmission of a space (zero) as the transformer 
tries to dump the charge and return to equi- 
librium. The blocking capacitor will keep DC 
current from flowing in the transformer. 


Interfacing the CS6158A with CS2180B TI 
Transceiver 





1.544 MHz clock 


Figure A2. - Interfacing the CS6158A with a CS2180B 


Transformer Used with 
CS6158 








Application 


To interface with the CS2180B, connect the 
devices as shown in Figure A2. 


CS6158A Transmitter Transformer 


Target transformer specifications for the 
CS6158A transmitter are given in Table Al. The 
use of other transformer specifications can also 
result in acceptable performance. 


Turns ratios: 
1:1.26 +1.5% for 120 Q G.703 cable 
1:1 +1.5% for 75 Q G.703 cable 
1:1.15 + 5% for 100 QT1 cable. 


Primary inductance: 1.5 mH min measured 
at 772 kHz. 


Primary Leakage inductance: 0.3 4H max 
at 772 kHz with secondary shorted. 


Secondary Leakage Inductance: 0.4 wH max 
at 772 kHz. 


Interwinding capacitance: 18 pF max, 
primary to secondary. 


ET-constant: 16 V-us minimum for T1; 
12 V-us minimum for PCM-30. 


Table Al. CS6158A Transmitter Transformer 
Specifications 






Transformer for Use 
with CS6158A 
































Pulse Eng. PE-64931 
Schott 67112060 Pulse Eng. PE-65387 
Schott 67115100 Schott 67124980 


PCM-30 PE 65400 
752 

PCM-30 Pulse Eng. PE 65401 
120 2 


Table A2.- CS6158A Transmitter Transformers for existing CS6158 boards 
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Vendor | - Transformer 


PE-65388 
| 67124840 


Application 


T1 










Pulse Eng. 
Schott 














PE-65389 
67124850 






Pulse Eng. 
Schott 


Note: Additional transformer options are available from 
Pulse Engineering and Schott 


Table A3.- CS6158A Transmit Transformers for New 
Designs | 


with higher isolation performance (as may be re- 
quired for European applications). 


CS6158A and CS6158 Receiver Transformers 


The receiver uses a 1:1:1 + 5% transformer. Since 
pulse shapes are not measured at the receiver, the 
receive transformer specifications are not critical. 









Turns ratio: 1:2 (or 1:1:1) + 5%. 





Primary inductance: 600 WH min measured 
at 772 kHz. | 


Leakage inductance: 1.3 wH max at 772 kHz 
with secondary shorted. 


Secondary leakage inductance: 0.4 WH max 
at 772 kHz. 


Interwinding capacitance: 23 pF max, 
primary to secondary. | 


ET-constant: 16 V-us minimum for T1 : 
12 V-us minimum for PCM-30. 


Table A4. - Transformer Specifications for CS6158A 
Receiver and for CS6158. 
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Specifications similar to that for the CS6158 
transmitter transformer (Table A4) provide excel- 
lent performance. 


CS6158 Transmit Transformers 


Key CS6158 transmit transformer specifications 
are given in Table A4. Transformers listed in 
Table A5 have been found to be suitable for use 
with the CS6158. Figure A3 shows the connec- 
tions for some of the recommended transformers 
for the transmitter. 


3 

IC (4 ~~ LINE 

SIDE 5 SIDE 
I t& 


Pulse Engineering 5764 & PE-64931 
Bell Fuse 0553-5006-16 
Schott 67112060 & 67115100 


Figure A3.- Some Recommended CS6158 Transmitter 
Transformer Configurations 


[pate 


Note: The Pulse Eng. 1682x and 5764 are still 
acceptable, but the other Pulse Engineering 
transformers are preferred. The Schott 67112060 














Manufacturer 


Pulse Engineering 
Pulse Engineering 
Schott 

Schott 

Bell Fuse — 


Nova Magnetics 
Midcom 





is still acceptable, but the other Schott transformers _ 


are preferred. 


Table AS. - Suitable Transformers for CS6158A 
Receiver and for CS6158 
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Low Power PCM Line Interface 





Features General Description 
+ Provides CMOS Analog PCM Line _| The CS8iS9 comin the analog vane and ese 
| ae 
lta for T1 and PCM-30 24-pin skinny-DIP or SOIC device. The line interface 
pplications operates from a single 5 Volt supply and is transparent 


to the framing format. Crystals EXPERT Pulse™ 


; : : Circuitry shapes the transmit pulse internally, providing 
ee Line one F nd Data and the appropriate pulse shape for line lengths ranging 
Oock necovery Functions from 0 to 655 feet from a DSX-1 cross connect. 


Internal generation of transmitted Applications 


pulse width and pulse shape. e Central Office Exchanges 


e Digital Access and Cross Connect Systems 
e Low power - typically 180 mW e Customer Premises Equipment 

e PABX’s 
@ 


omall package - 300 mil DIP & SOIC 
Ordering Information 





Block Diagram 
TAOS LENO LEN1 LEN2 TGND TV+ 
OO OD 


O OO OO O 
: 











SIGNAL 
QUALITY 


a MONITOR 
RPOS& Ub 
RNEGSO 
4 
O © O 


«at . This document contains information on a new product. Crystal Semi- 
Prelimin ary Product Information conductor reserves the right to modify this product without notice. 












Crystal Semiconductor Corporation JUN’ 90 
P.O. Box 17847, Austin, TX 78760 DS43PP1 
(512) 445-7222 FAX: (512) 445-7581 3-175 


a CS6159-IP1 24 Pin Plastic DIP (300 mils) T1 & PCM-30 
Minimum External Components CS6159-IS1 24 Pin Plastic SOIC T1 & PCM-30 





———. — C86159° 


Storage Temperature 





WARNING: Operations at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 
Notes: 1. Excluding RTIP, RRING, which must stay within -6V to (RV+) + 0.3V. 
2. Transient currents of up to 100 mA will not cause SCR latch-up. Also TTIP, TRING, TV+ and TGND 
can withstand a continuous current of 100 mA. 


RECOMMENDED OPERATING CONDITIONS 


Parameter Symbol al 
RV+, = 


(Note 4) 
100% ones density & max. fine length @ 5.25V 
Normal Power Consumption (Note 4) 
50% ones density & 300 ft. line length @ 5.0V 


Notes: 3. TV+ must not exceed RV+ by more than 0. 3V. 





4. Power dissipation at 1.544 Mbps while driving 54 Q load over operating temperature range. Includes 
CS6159 and load. Digital input levels are within 10% of the supply rails and digital outputs are 
driving a 50 pF capacitive load. Power dissipation at 2.048 Mbps will be 30% higher. 


DIGITAL CHARACTERISTICS § (ta =- 40° to 85°C; TV+, RV+ = 5.0V +5%: GND = 0V 


High-Level input Voltage 
Pins 1, 9-12, 16, 21-24 

Low-Level Input Voltage V 
Pins 1, 9-12, 16, 21-24 









High-Level Output Voltage (Note 5) 
louT= -40uUA Pins 4, 13-15 


Low- Level re Voltage V 


Input Leakage Current 


Notes: 5. This specification guarantees TTL compatibility (VoH = 2.4V @ louT = -40 LA). 
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ANALOG SPECIFICATIONS (ta =- 40° to 85° C; TV+,RV+ = 5.0V + 5%; GND = OV) 


[Parameter ——SSSS*d in ‘| Typ | Max | Units 


TRANSMITTER 
AMI Output Pulse Amplitudes 















Line Length Selections LEN2/1/0 = 0/0/0 & 0/1/0 
(Measured at xfmr output) 


All line length settings except, LEN2/1/0 = 0/0/0, 0/1/0 & 0/0/1 
(Measured at the DSX; Normalization factor for Figure 4) 


Load Presented To Transmitter Output | - | 54 | - | Ohms | 
Ul 


Jitter Added by the 10Hz - 8kHz 0.005 



































Transmitter 8kHz - 40kHz 0.008 Ul 
10Hz - 40kHz 0.010 
(Note 6) Broad Band 0.015 
Power in 2kKHz band about 772kHz (Note 7) 
Power in 2kHz band about 1.544MHz (Note 7) 










(referenced to power at 772kHz) -29 -38 


Positive to Negative Pulse Imbalance (Note 7) | - | 02 | 05 | oB | 


RECEIVER 


RECEIVER 
Senatvy Sow SK (OsB=2) ——SSSS*~dS Sd 


Data Decision Threshold T1 pulse settings % Of 
j CCITT LEN2/1/0 = 000 


65 

50 

Receiver Input Jitter 10kHz - 100kHz 0.3 

Tolerance (Notes 8, 9) 10Hz and below Miwa 

PLL 3 dB Bandwidth (Note 9) p= | 20° 
RwELS 

















PLL Jitter Peaking | | (Note 9) 


Notes: 6. Input signal to TCLK is jitter free. | 
7. Typical performance with 0.47 uF capacitor in series with primary of transmitter output transformer. 
Not production tested. Parameters guaranteed by design and characterization. 
8. See Figure 7. | 
9. Contact the factory for the recommended external component values. 
Assumes 1-in-8 input data pattern. 
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T1 SWITCHING CHARACTERISTICS § (ta=- 40° to 85°C; TV+,RV+ = 5.0V + 5%; GND = OV; 
Inputs: Logic 0 = OV, Logic 1= RV+) 2 2. | | | 












[séParameter—SSS=~w Symbol || Min’ | Typ | Max | 

























o| = 
$/2| x\s 
RI] RIS 







RCLK Cycle Width 646 pe 650 
(Notes 12, 13,15) | - 324 - 

fice Tine, AlDigial Gupuls ote | | 8 |e 
Fal Tire, Agta Ouiputs (wow) |v [ =f =| 08 
POSIANEG to ALK Faling Stop Tine Note 16) | Twn | aa0_| aa |_| 5 
AGLK Fang RPOSIRNEG Hold Tine (Wate 8) | tw | 240 | sea] | 9 
TPOS/TNEG to TCLK Falling Setup Time | | tu2 | 25 | - | - [ons | 
TCLK Falling to TPOS/TNEG Hold Time . | te | 25 | - | - [ns | 


PCM-30 SWITCHING CHARACTERISTICS (Ta =- 40° to 85°C; TV+,RV+ = 5.0V+5%; | 
GND = OV; Inputs: Logic 0 = OV, Logic 1 = RV+) 7 , 


Symbol [Min | Typ | Max [Units | 
TelkFrequency —SSSSC* Cn |= «2088 | - |e | 
TOLK Duty Cycle for LENA//0= 0/070 (Note 11) [toma/towe| 44 | 60 

ACLK Frequency — (Note 10) . a eae 2.048 




























RCLK Cycle Width 






Notes 12, 13, 15 


= ) | 
RCLK Duty Cycle (Notes 12, 13, 15) 
Rise Time, All Digital Outputs Note 14) oe ne 

e | 


RPOS/RNEG to RCLK Falling Setup Time Note 15 
RCLK Falling to RPOS/RNEG Hold Time Note 15 


ae ss ( t 
Fall Time, All Digital Outputs (Note 14) Cel 
t | | ( 
TPOS/TNEG to TCLK Falling Setup Time | tsua 


TCLK Falling to TPOS/TNEG Hold Time | 


Notes: 10. ACLK provided by an external source or TCLK. | 
11. The transmitted pulse width for LEN2/1/0 = 0/0/0 is tied to the high cycle of TCLK. 
12. RCLK cycle width will vary with extent by which received pulses are displaced by jitter. 
13. Max & Min RCLK duty cycles and cycle widths are for worst case jitter conditions. 
14. At max load of 1.6 mA and 50 pF. | 
15. Not production tested. Guaranteed by design and/or characterization. Not applicable during loss of 
Signal. 
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Figure 1. - Signal Rise and Fall Characteristics 
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Figure 3. - Transmit Clock and Data Switching Characteristics 
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THEORY OF OPERATION 


Transmitter 


The transmitter takes binary (dual unipolar) data 
from a Tl or PCM-30 transceiver and produces 
alternate bipolar pulses of appropriate shape. The 
transmit clock and transmit data (TCLK, TPOS & 
TNEG) are supplied synchronously. Data is 
sampled on the falling edge of the input clock. 


Either Tl or PCM-30 G.703 pulse shapes may be 
selected. For T1 applications, line lengths from 0 
to 655 feet (as measured from the CS6159 to the 
DSX-1 cross connect) are selectable. Pulse shap- 
ing and signal level are determined by digital 
"line length select" inputs and require no external 
circuitry. Pulse shaping is accomplished with a 
slew rate controlled fast digital to analog con- 
verter. Alternate mark inversion operation is 
implemented by driving the line in a true dif- 
ferential manner. In order to achieve the 
necessary line voltages, which exceed the 5 Volt 
supply, a 1.36:1, step-up transformer is required. 
The line driver is designed to drive a 54 Q 
equivalent load. 


To place the device in a low power dissipation 
mode (i.e., to disable the drive), TPOS and TNEG 
should be held low while TCLK continues to be 
input. When any transmit control pin (TAOS, 
LENO-2 or LLOOP) is toggled, the transmitter 


stabilizes within 22 bit periods. The transmitter 


will take longer to stabilize when RLOOP is 
selected because the timing circuitry must adjust 
to the new frequency. 4 


Transmit Line Length Selection 


The transmitter has a 13-phase delay line which 


divides each TCLK cycle into 13 phases. For T1 


applications, these phases are used to trigger dif- 


ferent portions of the output waveform. For T1 
DSX-1 applications, the line length selection of- 
fers a five partition arrangement for ABAM cable 
as shown in Table 1. For each line length 
selected, the CS6159 modifies the output pulse to 
meet the requirements of ANSI T1.102, Bellcore 
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INTERFACE 
Table 1 - Line Length Selection 





TR-TSY-000499, AT&T Compatibility Bulletin 
119 and the CCITT G.703 1.544 Mbps template. 
The exact pulse shape achieved at the DSX-1 can 
be affected by details of the board layout, trans- 
former selection, and other factors. For cable 
types other than ABAM, it is recommended that 
the line length settings be evaluated. It is possible 


_ that an alternative interpretation of the LEN2/1/0 


distance ranges is more appropriate. A typical 
output pulse is shown in Figure 4. 


The T1 Network Interface pulse shapes meet FCC 
Part 68 for 0 dB line build out and ANSI T1.403 
pulse shapes as shown in Table 1. 
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Figure 4 - Typical Pulse Shape at DSX-1 Cross Connect 
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Ratio of the amplitudes of positive and negative 
pulses at the center of the pulse interval 






For coaxial cable, 
75 ohm load 

and transformer 
specified in Table A1. 


2.37V 
0 +0.237 V + 


0.95 to 1.05 * 
0.95 to 1.05 


Nominal peak voltage of a mark (pulse) 


Peak voltage of a space (no pulse) 
Nominal pulse width 





Ratio of the widths of positive and negative pulses 
at the nominal half amplitude 





For shielded twisted pair, 
120 ohm load 

and transformer 
specified in Table A1. 
















* When configured with a 0.47 uF nonpolarized capacitor in series with the Tx transformer primary as 


shown in Figure A1. 


Table 2 - CCITT G.703 Pulse Specifications 


The PCM-30 G.703 pulse shape is also supported 
with line length selection LEN2/1/0 = 000. In this 
case only, the width of this pulse is determined by 
the high cycle of TCLK. The pulse will meet the 
CCITT pulse shape template shown in Figure 5, 
and specified in Table 2, assuming the transmitter 
is terminated correctly and the TCLK duty cycle 
and frequency are appropriate. The rising and 
falling edge of TCLK control the time at which 
the rising and falling edges of the output pulse 
occur. Transmitter termination information is 


fone aaa 


a Nominal Pulse 


ee fe a ee ee oe ee ee oe ee ee we, 








Figure 5 - Mask of the Pulse at the 2048 kbps Interface 
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provided in the applications section which ap- 
pends this data sheet. Note that the pulse shape 
LEN2/1/0 = 010 generates the same amplitudes 
as the G.703 pulse (LEN2/1/0 = 000), but the 
pulse width is determined internally by the trans- 
mit delay line and will be approximately 263 ns 
when TCLK is 2.048 MHz. 


Transmit All Ones Select 


The transmitter provides for all ones insertion at 
the frequency of TCLK. Transmit all ones is 
selected when TAOS goes high, and causes con- 
tinuous ones to be transmitted on the line (TTIP 
and TRING). In this mode, the TPOS and TNEG 
inputs are ignored. If Remote Loopback is in 
effect, any TAOS request will be ignored. 


Receiver 


The receiver extracts data and clock from an AMI 
(Alternate Mark Inversion) coded signal and out- 
puts clock and synchronized data. The receiver 
typically is sensitive to signals down to ap- 
proximately 325 mV in peak amplitude and 
requires no equalization or ALBO (Automatic 
Line Build Out) circuits. The signal is received on 
both ends of a center-tapped, center-grounded 
transformer. The transformer is center-tapped on 
the CS6159 side. The clock and data recovery cir- 
cuit exceeds the jitter tolerance specifications of 
Publications 43801, 43802, AT&T 62411 
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Signal 
Detection BNEC 






RCLK 





Phase 
Lock Loop 


ExternaL Loop Filter and 
ICO Centering Components 


_ Figure 6. - Receiver Block Diagram 


on both ends of a center-tapped, center-grounded 
transformer. The transformer is center-tapped on 
the CS6159 side. The clock and data recovery 
circuit exceeds the jitter tolerance specifications 
of Publications 43801, 43802, AT&T 62411 
December 1988, Bellcore TR-TS Y-000499 
(Categories I & II), and CCITT REC. G.823. 
The center frequency of the PLL is controlled by 
the line length selection. Selection 
LEN2/1/0=000 sets the center frequency for 
PCM-30 operation. All other line length selec- 
tions set the center frequency for T1 operation. 


_ PEAK-TO-PEAK 
JITTER 
(unit intervals) 


A block diagram of the receiver is shown in Fig- 
ure 6. The two leads of the transformer (RTIP 
and RRING) have opposite polarity allowing the 
receiver to treat RTIP and RRING as unipolar 
signals. Comparators are used to detect pulses on 
RTIP and RRING. For all cases except where the 
PCM-30 pulse shape (LEN2/1/0 = 000) is 
selected, the comparator thresholds are dynami- 
cally established by peak detectors to be 65% of 
peak level. When the PCM-30 pulse shape is 
selected, the comparator threshold is 50% of 





20 dB/decade 


100 1k 10k 100k 


_ JITTER FREQUENCY = (Hz) 


Figure 7. - Input Jitter Tolerance of Receiver — 
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frequency set by an external resistor and by the 
line-length select inputs. This insures immunity to 
false lock over time and temperature variations. 


Loss of Signal 


Receiver loss of signal is indicated upon receiv- 
ing 175 consecutive zeros. A digital counter 
counts received zeros based on RCLK cycles. A 
zero input is determined either when zeros are 
received, or when the received signal amplitude 
drops below a 0.325 V peak threshold. 


The receiver reports loss of signal by setting the 
Loss of Signal pin, LOS, high. Upon LOS the 
receiver substitutes ACLK for the incoming sig- 
nal at RCLK (if ACLK is present) and forces 
RPOS and RNEG to zero. Therefore, RCLK will 
always be within required frequency limits (e.g.,+ 
5Oppm). LOS returns to logic zero upon detection 
of 12.5% ones density. When LOS goes low, 
RCLK outputs the recovered clock, and RPOS 
and RNEG output the recovered data. 


Local Loopback 


The local loopback mode takes clock and data 
presented on TCLK, TPOS, and TNEG, and out- 
puts it at RCLK, RPOS and RNEG. Receiver 
inputs are ignored when local loopback is in ef- 
fect. Local loopback is selected by taking 
LLOOP, pin 1, high. Simultaneous selection of 
local and remote loopback modes is not valid (see 
Reset). 


Remote Loopback 


In remote loopback, the RCLK, RPOS and 
RNEG output signals are also sent back out on 
the line via TTIP and TRING. These signals are 
the recovered clock and data unless loss of signal 
has occurred and ACLK is present (see Loss of 
Signal section above). Transmitter inputs, TCLK, 
TPOS, TNEG, and TAOS, are ignored during 
remote loopback. A remote loopback occurs in 
response to RLOOP going high. Simultaneous 
selection of local and remote loopback modes is 
not valid (see Reset). 


DS43PP1 


In remote loopback, the recovered clock is used 
to calibrate the transmitter delay line. 


Power On Reset/Reset 


Upon power-up, the CS6159 is held in a static 
state until the supply crosses a threshold of ap- 
proximately three volts. When this threshold is 
crossed, the device will delay for about 10 ms to 
allow the power supply to reach operating volt- 
age. After this delay, calibration of the transmitter 
delay line commences. The reference clock for 
the transmitter is provided by TCLK. The initial 
calibration should take less than 20 ms. 


In operation, the transmitter delay line is con- 
tinuously calibrated, making the performance of 
the device independent of power supply or 
temperature variations. The continuous calibra- 
tion function foregoes any requirement to reset a 
CS6159 when in operation. However, a manual 
reset is made by simultaneously setting both 
RLOOP and LLOOP high for least 200 ns. Reset 
will initiate on the falling edge of RLOOP and 
LLOOP. 


Power Supply 


The device operates from a single 5 Volt supply. 
Separate pins for transmit and receive supplies 
provide internal isolation. However, these pins 
may be connected externally with no impact on 
device performance, provided the power supply 
pins are decoupled to their respective grounds. If 
the same power bus is used, the receive power 
supply should be decoupled from ground with a 
68 uF tantalum capacitor and a mylar or ceramic 
0.1 uF capacitor. A 1.0 pF mylar or ceramic 
capacitor should be used on the transmit power 
supply. These capacitors should be located physi- 
cally close to the device. If separate power busses 
are used for TV+/TGND and RV+/RGND, an ad- 
ditional 68 uF capacitor should be used on the 
transmit supply. TV+ must not exceed RV+ by 
more than 0.3V. ag 
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PIN DESCRIPTIONS 


RLOOP. REMOTE LOOPBACK — 

LEN2 BIT 2 OF LINE LENGTH SELECT 
LEN1 BIT 1 OF LINE LENGTH SELECT 
LENO BIT 0 OF LINE LENGTH SELECT 
TRING TRANSMIT RING 

TV+ TRANSMIT V+ (+5VDC) 

TGND = TRANSMIT GROUND ~ . 

TTIP TRANSMIT TIP 

TAOS = TRANSMIT ALL ONES SELECT 
RCLK RECOVEREDCLOCK 

RPOS — RECEIVED POSITIVE PULSE: 
RNEG RECEIVED NEGATIVE PULSE 


LOCAL LOOPBACK LLOOP 

RECEIVE RING RRING 

RECEIVE TIP RTIP 
_ LOSS OF SIGNAL LOS 

LOOP FILTER ~— LFILT 

RECEIVE GROUND.. RGND 
RECEIVER REFERENCE #RREF 
RECEIVE V+ (+5VDC) RV+ 
ALTERNATECLOCK ACLK 
TRANSMIT CLOCK = TCLK 
TRANSMIT POSITIVE PULSE  TPOS 
TRANSMIT NEGATIVE PULSE TNEG 





Power Supplies 


TV+ - Positive Power Sipaiy, Transmit Drivers, Pin 19. 


Positive power supply for the transmit drivers; ypically +5. volts. TV+ must not eed Pe by 
more than 0.3V. | 


TGND - Ground, Transmit Drivers, Pin 18. | : | : 
Power supply ground for the transmit drivers; typically 0 volts. 


RV+ - Positive Power Supply, Pin 8. 
Positive power supply for the device, except transmit drivers; typically +5 volts. 


RGND - Ground, Pin 6. | 
Power supply ground for the device, except transmit drivers; typically 0 volts. 


Control 


LLOOP.- Local Loopback, Pin 1. | 
Setting LLOOP to a logic 1 routes the transmit clock and data to the receive clock and data pins, 
TCLK and TPOS/TNEG are still transmitted. Inputs on RTIP and RRING are ignored. 


RLOOP - Remote Loopback, Pin 24. | 
Setting RLOOP to a logic 1 causes the recovered clock and data to be sent through the driver 
back to the line. The recovered signal is also sent to RCLK and RPOS/RNEG. Inputs on  TCLK, | 
TPOS, TNEG, and TAOS are ignored 


eee taking RLOOP and LLOOP high for at least 200 ns initiates a reset. 


LENO, LENI, LEN? - Line Length Selection, Pins 21, 22 and 23. 
Determines the shape and amplitude of the transmitted pulse to accommodate several cable types 
and lengths. See Table 1 for information on line length selection. Also controls the receiver slic- 
ing levels and receive PLL center frequency. | 
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TAOS - Transmit All Ones Select, Pin 16. 
Setting TAOS to logic 1 causes continuous ones to be transmitted at the frequency determined by 
TCLK. 


Inputs 


ACLK - Alternate External Clock Input, Pin 9. 
Either a 1.544 MHz (or 2.048 MHz for CCITT) clock can be input to ACLK, which is substituted 
for RCLK upon loss of signal. If ACLK is grounded, no substitution takes place. 


TCLK, TPOS, TNEG - Transmit Clock, Transmit Positive Data, Transmit Negative Data 
- Pins 10, 11 and 12. 
Inputs for clock and data to be transmitted. The signal is driven on to the line through TTIP and 
TRING. TPOS and TNEG are sampled on the falling edge of TCLK. A TPOS input causes a 
positive pulse to be transmitted, while a TNEG input causes a negative pulse to be transmitted. 


RTIP, RRING - Receive Tip, Receive Ring, Pins 3 and 2. 
The AMI receive signal is input to these pins. A center-tapped, center-grounded, 2:1, step-up 
transformer is required on these inputs, as shown in Figure A1 in the Applications section. Data 
and clock are recovered and output on RPOS/RNEG and RCLK 


RREF, LFILT - Receiver Reference, Loop Filter, Pins 7 and 5. 
External components are connected to these pins to set the center-frequency of the PLL, and to 
provide a loop filter. Contact the factory for the recommended component values. 


Status 


LOS - Loss of Signal, Pin 4. 
LOS goes to a logic 1 when 175 consecutive zeros have been detected. LOS returns to a logic 0 
when a 12.5% ones density signal returns. 


Outputs 


RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data, 
Pins 15, 14 and 13. | 
The recovered clock and NRZ data outputs of the receiver. RPOS and RNEG are stable and valid 
on the falling edge of RCLK. A positive pulse (with respect to ground) received on the RTIP pin 
is recovered by the receiver and causes a logic 1 to be output on RPOS. A positive pulse received 
on the RRING pin is recovered by the receiver and causes a logic 1 to be output on RNEG. 


TTIP, TRING - Transmit Tip, Transmit Ring, Pins 17 and 20. 
The AMI signal is driven to the line through these pins. This output is designed to drive a 54 Q 
load. A 1.36:1 step-up transformer is required as shown in Figure Al. When driving 75 Q coax 
cable, a 10 Q resistor should be added as shown in Figure A1. The transmitter will drive twisted- 
shielded pair cable, terminated with 100 Q or 120 Q, without additional components. 
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Control 
& 
Monitor 


CS6159 


RPOS 
RNEG 
| RCLK 


Data 
Encoder/ 


Decoder TPOS 


TNEG 
TCLK 





RGND RREF LFILT 


— : 
RS. 
| Res 619ka 


121kN 
3300 pF 
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* Required only for 75 {| cable 
FREQUENCY | CABLE | R1&2 
_ MHz Q Q 


R3 
Q 
1.544 110 200 
2.048 120 240 
2.048 75 150 










Figure Al: Typical Connection Diagram 


APPLICATIONS 
Line Interface 


Figure Al shows the typical application con- 
figuration for the CS6159. For T1 applications, 
the receiver transformer is center-tapped and 
center-grounded with 200 Q resistors between 
the center tap and each leg on the CS6159 side. 
These resistors provide the 100 Q termination 
for the T1 line. 


When terminating 2.048 MHz twisted-shielded 


pair cable, 240 Q resistors will provide the re-— 


quired 120 Q load. 


3-186 


For transmitting data at 2.048 MHz onto a 75 Q 
coax cable, a 10 Q resistor is used between TTIP 
(or TRING) and the transformer. The resistor 
serves two functions. First, it provides the ap- 
propriate 54 © load to TTIP and TRING. 
Second, the resistor attenuates the signal slightly 
to meet the G.703 pulse amplitude requirements. 
Note that the 10 Q resistor should not be used 
when interfacing to G.703 120 Q cable. For the 
receiver, the terminating resistors should be 150 
Q to provide the necessary 75 Q termination to 
the line. - 


Figure Al shows a'0.47 uF capacitor in series 
with the transmit transformer primary. This 
Capacitor is needed to prevent any buildup in the 
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core of the transformer due to any DC imbalance 
that may be present at the differential outputs, 
TTIP and TRING. If DC saturates the trans- 
former, a DC offset will result during the trans- 
mission of a space (zero) as the transformer tries 
to dump the charge and return to equilibrium. The 
blocking capacitor will keep DC current from 
flowing in the transformer. 


Transformers 


The CS6159 requires two transformers. A 1:1.36 
step-up transformer is used with the transmitter 
while a 1:2 center-tapped transformer is used with 
the receiver. The same transformers may be used 
with the CS6159 in both T1 and CEPT applica- 
tions, although some CEPT applications may be 
subject to more stringent safety requirements in 
other countries imposing additional constraints 
upon the transformers. Contact the appropriate 
PTT or regulatory agency for more information 
on applicable performance and safety require- 
ments. The recommended transmitter and 
receiver transformer specifications and approved 
vendor part numbers are summarized below. 


Key receiver transformer specifications: 
Turns ratio: 1:2 center-tapped (or 1:1:1). 


Other specifications: not critical. 


The transformers listed in Table Al have been ap- 
proved for use with the CS6159 receiver. 


RECEIVER 


PE-64931 


Schott Corp 67124670 


Table Al, - Approved Receiver Transformers 
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Key transmitter transformer specifications: 
Turns ratio: 1:1.36 


Primary inductance: 600 wH min measured at 
10kHz and 0.005 VRMS. 


Leakage inductance: 1.3 WH max with secondary 
shorted. 


Interwinding capacitance: 23 pF max, primary to 
secondary. 


ET-Constant: 16 V-us min. for T1, 
12 V-us for CEPT. 


The transformers listed in Table A2 have been ap- 
proved for use with the CS6159 transmitter. 


TRANSMITTER 


Pulse Engineering PE-64937 
Schott 67112020 






Table A2. - Approved Transmitter Transformers 


Interfacing The CS6159 With The CS2180B T1 
Transceiver 


To interface with the CS2180B, connect the 
devices as shown in Figure A2. 


1.544 MHz clock 





TCLK 


TPOS 
TNEG 


RNEG 


RPOS 


RCLK 
CS2180B 


Figure A2., - Interfacing the CS6159 with CS2180B 
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Semiconductor Corporation 


-CXT6176 
CXT8192 








Pullable Quartz Crystals 





Features Description 
Crystal Semiconductor’s line interface and jitter at- 
® Complements CS61534, CS61535, tenuator IC’s require unique performance specifications 
CS61535A, CS61544, CS61574, for the crystals. The CXT6176 and CXT8192 are built 


to meet Crystal’s specifications for T1 and PCM-30 ap- 
CS61574A, and CS61575 PCM Line plications respectively. 


Interface integrated circuits and 
CS61600 PCM Jitter Attenuator. 


Ordering Information 
CXT6176 Crystal for T1 Applications 
CXT8192 Crystal for PCM-30 Applications 





CXT6176 


j CXT8192 





Pe ea a aa ee a es ee ee _ 
Crystal Line Interface or Jitter Attenuator I.C. 





This document contains information for a new product. Crystal 
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CXT61 76 Performance Specifications 


Total Frequency Range (Note 1) 


Operating Frequency Cload = 11.6 pF (Note 2 
Cload = 19.0 pF (Note 3 
Cload = 37.0 pF (Note 2 





CXT8192 Performance Specifications 


Total Frequency Range | _ (Note 4) 


Operating Frequency Cload = 11.7 pF (Note 2) 
be Cload = 34.0 pF | (Note. 2) 


Notes: 1. With Cioad varying from 11.6 to 37.0 pF at a given temperature. 
2. Measured at -40 to 85°C. 
3. Measured with Saunders 150D meter at 25 °C 
4. With Cioad varying from 11.7 to 34.0 pF at a given temperature. 

















General Specifications & Package Dimensions 


Shock 10 G’s, 6 ms, 6 planes 


Thermal Shock 5 cycles, -55 to 125 C? 1/2 cycle/hr. in air 
40 § (max) at 50 uW power 



















o 
on 
w 
ro) 


0.500 min 


———_ ee 


Series Resistance 





0.017 
0.192 sai a 


All measurements are in inches 
Package identifier: HC-49 
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INTRODUCTION _— 


Crystal’s CS6300 and CS6301 are high-performance analog receivers for T3(44 MHz), E3 (34 MHz) and 
SONET STS-1/OC-1 (51 MHz) applications. These devices provide line equalization, plus clock and data 
recovery. For optical applications, the line equalizer can be bypassed, allowing the output of an optical 
receiver to be input to the clock recovery section. The Phase Lock Loop used for clock recovery has con- 
tinuous frequency calibration, and matches the frequency of an external reference clock upon loss of sig- 
nal. a | | 


USER’S GUIDE 


Applications Supported 13, 44.736 MHz E3 (34.368 MHz) 


_ STS-1, 51.84 MHz 
OC-1, 51.84 MHz 








CONTENTS 
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E3/T3/STS-1 Analog Line Receiver 





Features 


CS6300 Provides Complete Analog 
Line Receiver for T3 and STS-1 
Applications 


CS6301 Provides Complete Analog 
Line Receiver for E3 G.703/G.823 
Applications 


Provides Line Equalization, and Clock 
and Data Recovery Functions 


T3/STS-1 performance is compatible 
with TR-TSY-000499 and 
TA-1T54-000253, Issue 5 


Line equalizer can be bypassed for 
optical applications 


General Description 


The CS6300 provides the analog receive line interface 
functions for a 44.736 MHz T3 or 51.84 MHz STS-1 in- 
terface in a single 24 pin device. The CS6301 supports 
34.368 MHz E3 operation. The line interface operates 
from a single +5 Volt supply and is transparent to the 
framing format. 


Applications 


° Interfacing network transmission equipment such as 
SONET multiplexor and M13 to a DSX-3 cross con- 
nect. 


° Interfacing customer premises equipment to a line. 


Ordering Information 
Contact Crystal Semiconductor 
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ANALOG SPECIFICATIONS (TA = Tmin to Uc V+=5.0V + 5%; GND = OV) 


Parameter | 


Slave PLL Jitter Transfer: 3: dB Bandwidth 


Peaking (Note 1) 
Jitter Tolerance a (Notes 1,2) 


. 10kHz - 800 kHz 
CS6301 @ 34.386 MHz: 1h 2 - Bi 


2 Z: 


Hz: 26kHz - 300kHz 
CS6300 @ 51.84 MHz 2.3kHz 


Signal Noise Immunity 


Output Jitter with Jitter-Free Input 


Output Clock Duty Cycle (Note 1) 
Slave PLL Lock Aquisition Time (Notes 1, 4) 
RTIP/RRING Input Impedance 


CS6300 Receiver Input Range GAIN1=0, GAIN2=0 
~GAIN1=1, GAIN2=0 
GAIN1=0, GAIN2=1 


CS6301 Receiver Input Range — GAIN1=0, GAIN2=0 
GAIN1=1, GAIN2=0 
GAIN1=0, GAIN2=1 





ALTIN Signal Amplitude . (Note 5) 


Notes: 1. Assumes external loop parameter components as defined in the application section. 

Measured with 2°°-1 pseudo-random, B3ZS or HDB3-encoded data. 

2. Typical performance is shown in Figures 1, 2 and 3. 

3. Measured with sinusoidal noise. Peak amplitude of noise is 11 dB down from peak amplitude of 
signal. The noise frequency is 22MHz +22 kHz. 

4. With device powered up. Measurement starts at the time when signal is reapplied to RTIP/RRING. 

5. An ECL signal can be directly AC-coupled into ALTIN. CMOS and TTL signals should be attenuated 
before being AC- vere 
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TR499 
10.0) CATEGORY2 ~., 
70 SPECIFICATION™.. 
50 ketene eee eae, A 
PEAK-TO-PEAK TR499 
(SINUSOIDAL) ,,| CATEGORY 1 TYPICAL CS6300 
JITTER 40| SPECIFICATON PERFORMANCE 
AMPLITUDE T (with random, B3ZS 
in UNIT aN 
INTERVALS = 
a 
< par aN encarta tales oe - 
2.3k 22.3k 60k 300k 
10.0 1.0k 10k 100k 
JITTER FREQUENCY (Hz) 
Figure 1. Typical CS6300 Jitter Tolerance at 44.736 MHz 
TR499 
10.0) CATEGORY 2». 
7.0 SPECIFICATION. 
hi) fe oe emer a cece! aN 
PEAK-TO-PEAK TR499 " 
(SINUSOIDAL) ,,| CATEGORY 1 i eevee es 
JITTER 1.9| SPECIFICATON 
AMPLITUDE ~ : (with random, B3ZS 
in UNIT = encoded data) 
INTERVALS 0.3 WEEE 
E ‘ 
0.1 ie ScitabeaeceisawccsGuedassinsicuneatar 
2.3K ,_ 26k 60k _ , 300k 
10.0 1.0k 10k 100k 
JITTER FREQUENCY (Hz) 
Figure 2. Typical CS6300 Jitter Tolerance at 51.84 MHz | 
10.0 
7.0 
5.0 | 
PEAK-TO-PEAK 
, TYPICAL CS6301 
eae dhe eearnnesenmven esses PERFORMANCE 
AMPLITUDE ~ (with random, HDB3 
in UNIT encoded data) 


INTERVALS 


0.15 
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100 1.0k 10k 


100k 
JITTER FREQUENCY (Hz) 


Figure 3. Typical CS6301 Jitter Tolerance at 34.386 MHz 


DS56PP1 4-5 


a me A a a Las a CS6300 
nwa ae fe | | -  €$6301 







Parameter | 


RCLK Pulse Width | 
ee : (Notes 6, 7) 


XTALIN Duty Cycle 


( ) 
Rise Time, All Digital Outputs Ss (Note9) | t | - | 
Fall Time, All Digital Outputs (Note 9) a ee oe 









ee ee 
a 









Ea 
RPOSIRNEG 10 ROLK Rising Setup Time | tw | 8 | ti | 18 | ms 
RCLK Rising to RPOS/RNEG Hold Time | t | 5 | m4 | 15 | ons | 
Reset Pulse Duration _ | ons | 


Notes: 6. Assumes Slave PLL is locked to 44.736 MHz signal. | 
7. The sum of the pulse widths must always meet the frequency specifications. 
8. Prescribed duty cycle is required only when XTALIN is driven by line-rate clock. 
9. At max load of 1.6 mA and 25 pF. Guaranteed by design and characterization. 


CS6300 STS-1 SWITCHING CHARACTERISTICS (1a = Tmin to Tmax; V+ = 5.0V + 5%: 
GND = OV; Inputs: Logic 0 = OV, Logic 1 = RV+) | . 


[Parameter ———SSSSSS*(Symmbot | Min Units 

RCLK Pulse Width st 8.7 9.645 | 10.6 | 
(Notes 7, 10) tow 8.7 9.645 10.6 

FallTime, AN Digtal Ouiputs (Notes) | ty 

Reset Pulse Duration ae 


Notes: 10. Assumes Slave PLL is locked to 51.84 MHz signal. 
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CS6301 E3 SWITCHING CHARACTERISTICS (ta = Tminto Tmax; V+ = 5.0V+5%:; 
GND = OV; Inputs: Logic 0 = OV, Logic 1 = RV+) 


| Parameter {Symbol | Min | Typ | Max | Units 


town 13.1 14.548 | 16.0 
towi 13.1 14.548 © 16.0 
r 









WwW 
(Note 8) | Tow/tow | 40 











ae ae oe 
Fall Time, All Digital Outputs. ~~~‘ (Note 9) ee 4 
| 145 


40 
oe 
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Figure 4. Signal Rise and Fall Characteristics 
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Figure 5. Recovered Clock and Data Switching Characteristics 
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Figure 6. XTALIN Duty Cycle Requirements 
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DC nee cca to GND) 


Input Voltage, Any Pin 
Input Current, Any Pin (Note 12) —— 













Ambient Operating Temperature 
Storage Temperature 


WARNING: Operations at or bayend these iimits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 
Note: 12. Transient currents of up to 100 mA will not cause SCR latch-up. 


RECOMMENDED OPERATING CONDITIONS | 


Sym 
DC Supply (referenced to GND) aS 
Ambient Operating Temperature 









aa a CE 
[Cenystal Series Resistance Ss Rs | 









High-Level Input Voltage (Note 13) 
Low-Level Input Voltage (Note 13) 


Low-Level Output Voltage (Note 14) 
lout= 1.6 mA 
Input Leakage Current 





High-Level Output Voltage (Note 14) 
lout=-40 uA 


Notes: 13. Pins XTALIN (when driven by logic signal), a GAIN1, GAIN2, LOOP, RATE1, RATE2, RESET 
14. Pins LOS, RPOS, RNEG, RCLK 
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THEORY OF OPERATION 
LBO ENABLE 
LINE BUILD TTIP 0-450 FT. 
i- DRIVER i OUT - TRING : Coax 
+AnGee | 225 FEET ae 
1kQ 
OPTICAL . 
RECEIVER A7Q2 
FRAMER 
RDATA 19 5 
} 0-450 FT. 
N Oax 
i eee 
PCL Ft cross 
RCLOC 17 = CONNECT 
C3 + | C2 
| 0.1 uF | 10 uF 
is 
q ALTSEL Shield Beads 
RESET | fi q Fair-Rite 
CS6300/1 - 2643000101 
__ 1 GAINI | 2743019446 
CONTRO Yaa | #4 
"T GAIN2 SV 7 
V2+ }— 
RATE1 a 
GND3A 0.1 UF 10 uF 
LOS LFILT XTALIN XTALOUT REFaynap 
2 22 21 12 = 
* PLCC only Dke [| 10ka 
t See Figure 8 and 9 for 3.5795 MHz 
termination details. —1-1.0 uF COlor-Burst 
—y Crystal = 
Figure 7. Basic Application circuit 
The CS6300/1 provides the basic receiver func- Noise-coupling must be minimized along the path 


tions of a high-speed line card as shown in from cable to RTIP/RRING. Any noise coupled 
Figure 7. The receiver extracts data and clock into RTIP/RRING directly degrades the signal-to- 
from a B3ZS or HDB3 coded signal and outputs noise ratio of the input signal. 

clock and synchronized data. The CS6300/1 can | 

be either transformer-coupled or capacitor- 

coupled to the cable as shown in Figures 8 and 9. 
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Figure 8. Transformer-Coupled Receiver 


Signal Conditioning — 


The signal conditioning circuit is shown in 


Figure 10. In normal operation, the receiver is 
sensitive to signals down to approximately 
170mV in amplitude. For monitor ports, 20 dB of 
flat gain can be selected (via the GAIN1 and 


GAIN2 pins). For systems using a resistive split-. 


ter (e.g., to support line protection switching), 10 
dB of gain can be selected. Refer to the table in 


Figure 10. | . 
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Figure 9. AC-Coupled Receiver 


The equalization is variable and is based upon the 
level of the incoming signal after the flat gain 
stage. 


In the CS6300, the equalizer works as follows. 
When the peak of the amplified signal equals 
about 300mV, the equalizer compensates as ap- 
propriate for a nominal DSX-3/STS-1 pulse as 






CS6300/1 


Oo GAIN1, 
GAIN2 


Figure 10. Signal Conditioning Block Diagram 
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attenuated by 450 feet of 728A cable. When the 
peak of the amplified signal equals about 600mV, 
the equalizer compensates as appropriate for a 
nominal DSX-3/STS-1 pulse. The equalizer ad- 
justs continually as the signal strength varies 
between 180 and 850 mV. 


In the CS6301, the equalizer works as follows. 
When the peak of the amplified signal equals 
about 250mV, the equalizer compensates as ap- 
propriate for a nominal G.703 pulse as attenuated 
by 12 dB of cable. When the peak of the 
amplified signal equals about 1000mV, the 
equalizer compensates as appropriate for a trans- 
mitted G.703 pulse. The equalizer adjusts 
continually as the signal strength varies between 
250 and 1200 mV. 


The pulse stretcher increases the jitter tolerance 
of the receiver by stretching the incoming pulse. 


Clock Recovery 


The receiver uses a Master/Slave Phase Lock 
Loop (PLL) to recover clock. The Master PLL 
has its center frequency set using one of four op- 
tions discussed in the Master Clock Input Options 
section below. The same control voltage that is 
generated to center the frequency of the Master 
VCO is also used to center the frequency of the 
Slave VCO. This insures continuous frequency 
lock of the Slave PLL, and also insures immunity 
to false lock. The Slave VCO is phase locked to 
the received data stream. 


If a valid input signal is assumed to be already 
present at RTIP/RRING, the maximum time be- 
tween the application of device power and 
error-free operation is typically 20 ms. If power 
has already been applied and input data is then 
lost, the interval between the restoration of valid 
data and error-free operation is nominally 1.0 ms 
and typically no longer than 4 ms. 


An external loop filter is used by the slave PLL, 
allowing the jitter tolerance and transfer function 
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to be tailored for a variety of applications. The 
component values for the series resistor and 
capacitor are 5 kQ and 1.0 UF respectively (two 
0.47 uF capacitors may be used in lieu of the 
1.0 uF capacitor). The components should be 
placed as close to the chip as possible. Noise cou- 
pling into the LFILT pin may degrade PLL 
performance. A low-leakage (e.g., ceramic) 
capacitor should be used. 


Master Clock Input Options 


An external reference clock is used to set the fre- 
quency of the Master PLL. The reference clock 
does not need to have exactly the same frequency 
as the line signal since the reference is used only 
to center the PLLs close to the desired rate. A 
delta frequency of 1-2 % between line signal and 
reference allows normal operation of the 
CS6300/1. Decreasing the delta will improve 
RCLK accuracy upon loss of signal. Four alterna- 
tive reference clock options are provided: 


RATE1=0; RATE2=0: Quartz crystal is attached 
to XTALIN/XTALOUT. In the CS6300, the 
cryStal’s frequency is multiplied by 12.5 to 
provide a reference clock for T3 applications. 
Using a color-burst crystal, the Master VCO will 
typically vary from 44.736 MHz by 173 ppm. 
Other crystals can be used to decrease the delta 
ppm. For example, using a 3.5752 MHz crystal 
will typically decrease the delta ppm to SO ppm. 
In the CS6301, the crystal’s frequency is multi- 
plied by 10. 


RATE1=1; RATE2=0: Quartz crystal is attached 
to XTALIN/XTALOUT. The crystal’s frequency 
is multiplied by 14.5 to provide a reference clock 
for STS-1 applications. Using a color-burst crys- 
tal, the Master VCO will typically vary from 
51.84 Mhz by 1,210 ppm. Other crystals can be 
used to decrease the delta ppm. For example, 
using a 3.5789 MHz crystal will typically 
decrease the delta ppm to 50 ppm. 


a1 





aD an a aa ae 
7 swan e@. # ama 
7 a a 


CS6300 
‘CS6301 





— 30pF TO XTALIN OF 
I] NEXT CS6300/1 


XTALOUT 
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Figure 11 -Sharing One Quartz Crystal Among 
CS6300/1s 


RATE1=0; RATE2=1: A line-rate clock (e.g. 
34.386 MHz, 44.736 MHz or 51.84 MHz) should 
be input to XTALIN, and XTALOUT should b 

left floating. | | : 


RATE1=1; RATE2=1: A 34.386-div-8 MHz, 
44.736-div-8 MHz or 51.84-div-8 MHz clock 
should be input to XTALIN, and XTALOUT 
should be left floating. 


External Crystal Requirements 


When used, a parallel-resonant crystal should be 
attached to pins XTALIN and XTALOUT. Crys- 
tal requirements are given in the Recommended 
Operating Conditions table. Figure 11 shows how 
to share crystals among multiple IC’s. The 
equivalent circuit to ground on XTALOUT must 
be less than or equal to 15 pF. 


Data Recovery 


Comparators are used to detect pulses on RTIP 
and RRING. The comparator thresholds are 
dynamically established by peak detectors. 


Loss of Signal 


Receiver loss of signal is indicated upon receiv- 
ing 128 consecutive zeros. A digital counter 
counts received zeros based on RCLK. cycles. 
The receiver reports loss of signal by setting the 
Loss of Signal pin, LOS, high. 
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When receiving signals froma coax cable, or 
during loopback, LOS operates as follows. As 
shown in Figure 12, if the incoming signal level 
(after the gain and equalization stages) falls 


below a threshold of typically 85 mV, the output 


clock of the master VCO is muxed directly into 
the slave VCO, replacing the received data as the 
signal source for the slave VCO. This replace- 
ment of the signal source improves the frequency 
accuracy of the slave VCO, since the slave VCO 


is normally trained to only within +5% of the fre- 


quency of the master VCO. The signal source for 
the slave VCO reverts back to the received data 
signal when the incoming signal level (after the 
gain. and equalization stages) rises to a threshold 
of typically 115 mV, LOS returns to logic zero 
upon detection of 33.3% ones density (based on 3 
ones out of 9 bit periods). 


Normal Operation 





' @ Clock recovered from RTIP/RRING 
7 (or LTIP/LRING) 


@ LOS = Low 


128 zeros 


33% one’s density 


LOS Indication 


@ Clock recovered from RTIP/RRING 
e LOS = High 





Peak Detector 
> 115 mV 


Peak Detector 
< 85mvV 









Alternate Clock Operation — 
@ Clock recovered from Master VCO 
e LOS= High 


Figure 12 - Loss of Signal state diagram when 
| ALTSEL is not active’ - : 
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When receiving signals on ALTIN, LOS operates 
as follows. As shown in Figure 13, if 128 zeros 
are detected, the output clock of the master VCO 
is muxed directly into the slave VCO, replacing 
the received data as the signal source for the slave 
VCO. This replacement of the signal source 1m- 
proves the frequency accuracy of the slave VCO, 
since the slave VCO is normally trained to only 
within +5% of the frequency of the master VCO. 
The signal source for the slave VCO reverts back 
to the received data signal upon detection of 
33.3% ones density (based on 3 ones out of 9 bit 
periods), and LOS returns to a logic zero. 


Under all normal and LOS conditions, the slave 
VCO frequency is output on RCLK, and the 
recovered data is output on RPOS/RNEG. A 
Power-On reset or a manual reset sets LOS high. 


Alternate Input 


The signal conditioning circuit can be bypassed 
by setting ALTSEL high. When ALTSEL is high, 
an NRZ data signal can be input on pin ALTIN. 
An ECL signal (e.g., the output of an optical 
receiver module) can AC coupled into ALTIN. 
CMOS and TTL signals should be attenuated to a 
~0.8Vp-p signal before being AC-coupled into 
ALTIN. 


Normal Operation 


@ Clock recovered from ALT-IN 
e LOS = Low 





128 zeros 33% one’s density 





LOS Operation 


e Clock recovered from Master VCO 
e LOS= High 





Figure 13 - Loss of Signal state diagram when 
ALTSEL is active 
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Power On Reset/Reset 


Upon power-up, the CS6300/1 performs a reset. 
The CS6300/1 does not normally require a 
manual reset. For example, the PLLs are con- 
tinuously calibrated through the Master/Slave 
architecture foregoing any requirement to 
recalibrate the receiver when in operation. 
However, a manual reset can be requested by set- 
ting RESET low for least 200 ns. The manual 
reset procedure is the same as the power-up reset 
procedure. Reset will initiate on the rising edge of 
RESET. 





Local Loopback (PLCC Package only) 


On the PLCC package, an additional set of 
receiver inputs (LTIP and LRING) are provided 
to support local loopbacks. The input pin LLOOP 
can be used to select between LTIP/LRING and 
RTIP/RRING. Figure 7 shows a recommended 
circuit for connecting transmitter outputs into the 
LTIP and LRING input ports. The series resistors 
decrease the signal by 20 dB, minimizing 
crosstalk effects during normal reception from 
RTIP/RRING. Because the signal is 20 dB down, 
the appropriate GAIN1/GAIN2 selection should 
be made during local loopback. 


Power Supply 


The device operates from a single 5 Volt supply. 
The V1+ and GNDI1 inputs power the master 
PLL. The V2+ and GND2 inputs power the slave 
PLL and other circuitry on the device. The V3+ 
and GND3 inputs power the digital I/O pins. 


The recommended power supply decoupling cir- 
cult 1s illustrated in Figure 7. Good quality 
high-frequency, low lead-inductance capacitors 
should be used. All capacitors should be as close 
to the device as possible, and the connection be- 
tween the shield beads and C2/C3/C5 should be 
as short as possible. | 
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RATE1 
RATE2 
XTALIN 
XTALOUT 
GND3A 
RPOS 
RNEG 
V3+ 
GND3B 
RCLK 
LOS 
13[] RESET 
ALTSEL | 
-LFILT | RATE1 
-GND1 SY RATE2 _ 
V4 SS LL XTALIN 
ALTIN oh he eh XTALOUT 
GND2 V2+ 
-LTIP ~\ ay GND3A 
LRING ——ts | 2e2f1—— RPOS 
yay 4  210\_ RNEG 
rtip —/, \— V3¢ 
12 13 14 15 16 17 #18 
RRING SS eet GND3B 
GAIN1 RCLK 
GAIN2 LOS 
LLOOP RESET 
REF 


The CS6300 and CS6301 are available in a 24-pin skinny DIP, and in a 28-pin PLCC. 
Power Supplies 


V1+, V2+, V3+ - Positive Power Supply | 7 
Positive power supplies for the device; typically +5 volts. 


GND 1, GND2, GND3A, GND3B - Ground 
Power supply grounds for the device; typically Q volts. 
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Oscillator 


XTALIN, XTALOUT - Crystal Input and Output | 
RATE1 and RATE2 define the functionality of these pins. When RATE2 is low a crystal is 
attached to XTALIN and XTALOUT. One crystal can be shared among multiple IC’s as shown in 
Figure 11. When RATE2 is high, a clock signal is input to XTALIN and XTALOUT should be 
left floating. 


Control 


RATE1, RATE2 - Master PLL Rate Selection | 

Used to determine the source of the reference clock for the Master PLL. When RATE2 is low, a 
quartz crystal is attached to XTALIN/XTALOUT, and RATE1 determines the multiplier used 
with the crystal (multiply by 10 (CS6301) or 12.5 (CS6300) when RATE1 = high; multiply by 
14.5 when RATE1 = low). When RATE2 is high, a clock signal is input into XTALIN and 
XTALOUT must be left floating, and RATE1 defines the input frequency. When RATE1 is low, a 
line rate clock should be input; when RATE1 is high, a clock of one-eighth the line rate should be 
input. 


ALTSEL - Alternate Signal Selection 
This digital input controls a multiplexor which selects NRZ input for the clock/data recovery 
circuit. High selects ALTIN; low selects RTIP/RRING. 


LLOOP - Local Loopback Selection (PLCC Only) : 
This digital input controls a multiplexor which selects local loopback input for the clock/data 
recovery circuit. High selects LTIP/LRING; low selects RTIP/RRING. 3 


RESET - Circuit Reset 
A manual reset is made by setting RESET low for least 200 ns. Reset will initiate on the rising 
edge of RESET. 





Inputs 


RTIP, RRING - Receive Tip, Receive Ring 
The B3ZS, or HDB3, receive signal is input to these pins. Refer to Figures 8 and 9. Data and 
clock are recovered and output on RPOS/RNEG and RCLK. 


LTIP, LRING - Loopback Tip, Loopback Ring (PLCC Only) 
A B3ZS, or HDB3, signal can be input to these pins. These signals are input to the receiver when 
LLOOP is held high. 


ALTIN - Alternate Data Input 
Allows NRZ format input data to be input into the clock and data recovery circuit, bypassing the 


RTIP/RRING receiver signal conditioning circuit. The ALTIN input is activated by setting 
ALTSEL high. 
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GAINI, GAIN2 - Receiver Gain Control | 
Setting GAIN1 and GAIN2 low programs the receiver to accepts standard signals on RTIP and 
RRING inputs (0 dB of flat gain). Setting GAIN1 high and GAIN2 low programs the input buffer 
to provide 20 dB of flat gain. Setting GAIN1 low and GAIN2 high programs the input buffer to 
provide 10 dB of flat gain. Setting both GAIN1 and GAIN2 high is reserved. 


REF - Reference Resistor Input | , | | 
A 10kQ +1%, 100 ppm/degree C resistor should be connected from REF to ground. 


LFILT - Loop Filter Input Be art hen | 
A5kQ +10% resistor and a 1.0 uF +10% capacitor should be connected in series between LFILT 
and ground. | | , a | : | 


Status * | 
LOS - Loss of Signal 


LOS goes to a logic 1 when 128 consecutive zeros have been detected. LOS returns to a logic 0 
when a 33.3% ones density signal returns (determined by receipt of 3 ones within 9 bit periods). 


Outputs | a | - en St Me 7 
RCLK, RPOS, RNEG - Recovered Clock, Receive Positive Data, Receive Negative Data 
Data and clock are recovered from the RTIP and RRING inputs and are output at these pins. A 
signal on RPOS corresponds to a positive pulse received on RTIP and RRING, while a signal on 
-RNEG corresponds to the receipt of a negative pulse. RPOS and RNEG are NRZ. RPOS and 
RNEG are stable and valid on the rising edge of RCLK. When an alternative data stream is input 
on ALTIN (selected by setting ALTSEL = high), the output data is on RPOS, and RNEG is low. 
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INTRODUCTION _ 


Crystal offers two jitter attenuator circuits. The CS61600 PCM jitter attenuator uses a 16-bit FIFO and 
a variable oscillator to provide up to 40 dB of jitter reduction in a 1.544 to 2.048 MHz data stream. 
Also offered is the CS80600, a general purpose high speed (4.5 to 8.5 MHz) jitter attenuator. This part 
may be used in conjunction with the TMS380 device family to double the number of stations connected 
to 4 MHz IEEE 802.5 token ring local area network. The CS80600 slows the accumulation of data- 
dependent jitter, allowing more stations and repeaters to be inserted on the ring without overflowing the 
elastic buffer of the active system monitor. The input to the CS80600 is clock and data which have 
been recovered by the TMS38051/52. Jitter is removed by the CS80600 using an 8-Manchester symbol 
FIFO and a variable oscillator. The dejittered clock and data are then input to the TMS38020. 


USER’S GUIDE 


1.544 MHz or 






CS80600 













Data Rates —-4.5-8.5 MHz 









2.048 MHz — 
Size of FIFO 16 8 
14 pin DIP 14 pin DIP 


Package 


CONTENTS 


CS61600 T1 (1.544 MHz) & CCITT (2.048 MHz) Jitter Attenuator 5-3 


CS80600 4.5 MHz to 8.5 MHz Jitter Attenuator 3-15 


Semiconductor Corporation 


| CS61600 





PCM Jitter Attenuator 





Features 


@ Unique Clock-Tracking Circuitry Filters 
50 Hz or Higher Frequency Jitter for T1 
and PCM-30 Applications 


® Minimal External Components Required 
e 14 Pin DIP 

® Single 5 Volt Supply 

@ 3 Micron CMOS for High Reliability and 


Low Power Dissipation: 50 mW Typical 
at 25 °C 


General Description 


The CS61600 from Crystal Semiconductor accepts T1 
(1.544 Mb/s) or CCITT standard (2.048 Mb/s) data and 
clock inputs, and tolerates at least 7 (and up to 14) unit 
intervals, peak-to-peak, of jitter. Before outputting data 
and clock, jitter is attenuated using an internal clock- 
tracking variable oscillator and a 16 bit FIFO elastic 
store. 


The jitter attenuation function can be determined by ap- 
propriate specification of the external crystal. 


The CS61600 is transparent to data format, and is in- 
tended for application in carrier systems, switching 
systems, Local Area Network gateways and multi- 
plexers. 


ORDERING INFORMATION 
CS61600-ID1 - 14 Pin CERDIP; T1 and 2.048 MHz 
CS61600-IP1 - 14 Pin Plastic DIP; T1 and 2.048 MHz 





Block Diagram 


FIFORST OVR RESET 












HALF FUL 
DETECT 


VARIABLE OSCILLATOR 





ee re errr 


XTALIN XTALOUT OSCOUT | 





Crystal Semiconductor Corporation 
P.O. Box 17847, Austin, TX 78760 
(512) 445-7222 FAX: (512) 445-7581 
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... Parameter. 
DC Supply CE 4k 
Input Voltage — 







V+ - GND 
Te | | | ma 






Input Current, Any Pin (Note 1) _ 


WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
_ Normal operation is not guaranteed at these extremes. 


RECOMMENDED OPERATING CONDITIONS 


[Parameter [Symbol | Min_| Typ 
55 





















Notes:. 2. Outputs will drive CMOS logic levels into a CMOS load. 
3. lout= -40 pA | 
4. lout= 1.6MmA 


_ Specifications subject to change without notice. 
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ANALOG CHARACTERISTICS (1a = -40°C to 85°C; V+ = 5V + 10%; GND = 0V) 


Power Dissipation ae 
Input Jitter Tolerance P| 7 


* Depends on accuracy of crystal with respect to CLKIN frequency. See Applications section. 






SWITCHING CHARACTERISTICS (ta = -40°C to 85°C; V+ = 5V + 10%; GND = OV: Inputs: 


Logic 0 = OV, Logic 1 = V+) 
| —s—CParameter_ | Symbol | typ ___Max tints. 


Crystal Frequency 











corr (Note 5) 
CLKIN Frequency 
corrT (Note 6) 


ce — 
Oj) 
pte 1544 [i MHz 
| 2.048 | - 
CLKOUT Frequency = ae 
= 


CCl uu (Note 6) 





tow! 
Acceptable CLKIN range qe | 
Duty Cycle Nowe | 
Rise Time, All Digital Outputs woe 10) 
Law! 
pte 
poor 


+130 





oO 


ia! 
244 
244 
ae 
ae 







Fall Time, All Digital Outputs (Note 10) 

DIN to CLKIN Falling Setup Time 
LKIN Falling to DIN Hold Time 

CLKOUT Falling To DOUT 

Propagation Delay 

Note: 5. Crystal should have sufficient pull range when in the oscillator circuit, to meet the system’s frequency 

tolerance requirement over the operating temperature range. See Applications section for more 

information on crystals. 

Although CLKIN and CLKOUT will vary in instantaneous frequency (jitter) over time, CLKOUT 

will have the same average frequency as CLKIN. 

. The sum of the pulse widths must always meet the frequency specifications. 

. Crystal must have at least + 130ppm pull range over operating temperature range. 


. Duty cycle is (tpwWH / (tPWH + tpwL)) x 100%. 
. At CL = 50pF. 


© 
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Any Digital Output — 





Figure 1, Signal Rise and Fall Characteristics 





CLKOUT 


DIN DOUT 





Figure 3. Switching Characteristics 7 
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PEAK-TO-PEAK ~ 
(SINUSOIDAL) 4.5 frm ener oe 
JITTER 10 err 
AMPLITUDE a age 
in UNIT ‘ — 
INTERVALS ig eer 
0.2 43802 ‘. ee en 
0.41 SPECIFICATONS___ 
500 2.4k 8.0k , 18k 
10.0 100.0 1.0k 10.0k 
JITTER FREQUENCY (Hz) 
Figure 4. Input Jitter Tolerance 
JITTER 
GAIN 
(dB) 
Oa ee \ BELL SYSTEM 
PUB 43802 
ae \. SPECIFICATION 
. / 
a \ 
CS61600 \. . 
PERFORMANCE \ Input of five 


unit intervals 
\ of jitter at all 
.. frequencies. 


. 
10 100 1k 10k 
JITTER FREQUENCY (Hz) 


Figure 5. Jitter Attenuation Characteristic 
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CIRCUIT DESCRIPTION 
Jitter Attenuation 


The CS61600 will tolerate and attenuate at least 
seven unit intervals of jitter from clock and data 
signals of 1.544 MHz and 2.048 MHz. An 
external clock divide circuit can be added for 
jitter attenuation for lower frequency signals. 
Jitter attenuation is accomplished by means of a 
FIFO and a variable oscillator. The frequency of 
the oscillator is controlled by logic in the 
CS61600 to be the same as the average of the 
input clock signal, CLKIN. Signal jitter is ab- 
sorbed in the FIFO. 


The FIFO’s write pointer is controlled by the 
CLKIN signal. Data present on DIN is written 
into the memory location selected by the write 
pointer. The CLKOUT signal corresponds to the 
FIFO’s read pointer and is controlled by the 
crystal oscillator. Internal logic determines the 
relationship of the read pointer and the write 
pointer, and adjusts the speed of the oscillator. 
For example, if the CLKIN signal is at a higher 
frequency than the CLKOUT signal, the write 
pointer will start to catch up with the read 
pointer. When this situation is detected, the 


capacitive loading the device presents to the 


crystal is reduced, resulting in an increase in 


oscillator frequency and read pointer (CLKOUT) | 


frequency. The oscillator frequency is peri- 
odically updated and adjusted to maintain the 
FIFO at half full. High frequency variations in 
the phase of the CLKIN signal (jitter) are ab- 
sorbed in the FIFO. 


There are some advantages to this method of 
jitter attenuation. The device can tolerate large 


amplitude jitter at high frequencies. The device _ 


can track slow changes of the input clock fre- 
quency (wander) and tolerate input frequencies 
ranging over a specified frequency tolerance. 


A by product of this method of jitter attenuation 
is that the greater the input jitter, the greater the 
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jitter attenuation, and the lower the frequency at 
which the device starts to attenuate jitter. 
Conversely, low amplitude jitter receives little 
attenuation. This performance characteristic is 
shown graphically in Figure 6. 

_ JITTER 


GAIN. 
(dB) 
0 


UNIT. INTERVALS 
OF INPUT JITTER 
5 3 1 eee 


-20 


-30 


a Measurements made at 1.544 MH 
dB with a 6.176 MHz +200 ppm crystal 


10 100 1k 10k (Hz) 


Figure 6. Jitter Attenuation Characteristics 


Using the CS61600 in a Slave Configuration 


It is possible to use an externally generated clock 
signal to clock data out of the CS61600. When 
an external clock is used, a crystal is not 
necessary. The external clock is input to the 
Alternate Read Clock input, ARC (pin 12). Hold- 
ing the Alternate Read Enable pin, ARE (pin 6), 


high directs the CS61600 to clock data out of the 


FIFO at the rate determined by ARC. Unless the 
clock signal on ARC 1s at exactly the same 
average frequency as the clock signal on 
CLKIN, the CS61600 will be prone to underflow 
or overflow, and data will be lost. See the 
Applications section of this data sheet for more 
information on the use of an alternate clock. 


Oscillator and Crystal 


The CS61600 requires an external 6.176000 


~MHz (8.192000 MHz for CCITT) crystal be con- 


nected to pins XTALOUT and XTALIN. The os- 
cillator circuit divides the crystal frequency by 
four, and switches various capacitive loads to 
provide a clock that swings in five steps from at 
least 1.544 MHz - 130 ppm to at least 
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1.544 MHz + 130 ppm (2.048 MHz - 50 ppm to 
2.048 MHz + 50 ppm for CCITT). The crystal 
oscillator must be able to reach these signal fre- 
quency tolerances over the system’s operating 
temperature range. The oscillator adjusts to and 
holds the average frequency of the signal mput 
to CLKIN. 


Some applications specify a narrower frequency 
tolerance. In these cases, it is possible to improve 
jitter attenuation performance by specifying a 
crystal with less pull range. A narrow pull range 
crystal has the effect of shifting the curves 
shown in Figure 6 to the left. Care must be taken 
to ensure that the crystal/oscillator will reach the 
signal’s frequency extremes over the operating 
temperature range of the system. More informa- 
tion on specifying and testing crystals is 
provided in the Applications section at the back 
of this data sheet. 


FIFO Overflow/Underflow 


Because the oscillator clock, which is used to 
empty the FIFO, has a wider frequency range 
than the standard T1 input signal, the FIFO 
should never underflow or overflow. However, if 


underflow or overflow occurs, the buffer © 


overflow/underflow flag, OVR (pin 3), goes 
high. A RESET (pin 1) resets the overflow flag. 
If an overflow occurs, the 16 bits of data in the 
FIFO are lost. An underflow condition causes the 
next 16 bits read from the FIFO to be invalid. In 
either case, the CS61600 will immediately 
attempt to relock on to the clock signal. Holding 
RESET low disables the overflow flag, OVR. 


FIFO Reset 


Taking the FIFORST pin low causes most of the 
subcircuits of the CS61600 to go into a reset 
state. These circuits will remain in a reset 
condition until FIFORST is returned to a logic 1 
state. However, the outputs of the CS61600 are 
undefined if FIFORST is held low for more 
than 500 ms. The FIFO reset function will set 


DS9F3 


the FIFO write and read pointers to the first and 
eighth locations respectively. The oscillator will 
continue to run and CLKOUT will be held low. 


Power-Up Reset 


Upon power up, the CS61600 goes through an 
initialization procedure which requires 
approximately 3 ms. During this initialization 
procedure, OVR is held high. After initialization 
is complete, OVR goes low. When the clock 
Signal is input to CLKIN, the CS61600 will 
immediately try to lock onto the clock signal on 
CLKIN. At this point, the FIFO may overflow, 
and the RESET pin should be toggled to clear 
the overflow/underflow flag, OVR. 
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PIN DESCRIPTIONS | 
RESET RESET (1e\7741 ve POWER SUPPLY 
FIFORESET FIFORST [J 130 DIN DATA INPUT 
BUFFER OVERFLOW/UNDERFLOW OVR 121] ARC ALTERNATE READ CLOCK 
CRYSTAL OUTPUT XTALIN 11f] OSCOUT OSCILLATOR OUTPUT 
CRYSTALINPUT XTALOUT 10{] CLKOUT OUTPUT CLOCK 
ALTERNATE READ ENABLE ARE 9/] DOUT DATA OUTPUT 
| GROUND | GND 8 |] CLKIN INPUT CLOCK 
Power Supplies 
V+ - Positive Power Supply, PIN 14. 
Typically +5V volts. 
GND - Ground, PIN 7. 
Ground reference. 
Oscillator 


XTALIN, XTALOUT - Crystal Input 1, 2; PINS 4, 5. . | : 
6.176 MHz or 8.192 MHz crystal inputs. A 200 kohm resistor should be connected across these 
pins. There is no need for external capacitors. The crystal should be connected to XTALIN and 
XTALOUT with minimal length traces on the pc board. 


Control 


RESET - Reset, PIN 1. | 
When RESET is taken low, the OVR signal is reset. 





FIFORST - FIFO Reset, PIN 2. . 2 | e , | 
Taking FIFORST low resets the read and write pointers of the FIFO. Resetting the pointers will 
cause some data loss. When FIFORST is low, the OSCOUT output is disabled. 


ARE - Alternate Read Enable, PIN 6. 
For normal operation, ARE is held at logic 0. In this configuration the oscillator controls the read 
pointer of the FIFO. When ARE is at logic 1, the read pointer of the FIFO will be controlled by 
the clock signal on pin 12, ARC. _ _ 
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Inputs 


CLKIN - Clock Input, PIN 8. 
Clock for the data input. This clock contains the jitter to be removed. 


DIN - Data Input, PIN 13. 
Input data is sampled on the falling edge of CLKIN. 


ARC - Alternate Read Clock, PIN 12. 
When ARE, Pin 6, is at logic 1, a clock signal on ARC will control the FIFO’s read pointer. 
CLKOUT, pin 10, will be at the same frequency and phase as ARC. Setting ARE to logic 0 
results in the device using its oscillator to generate CLKOUT. 


Outputs 
OVR - Buffer Overflow/Underflow, PIN 3. 
Goes high if the FIFO overflows or underflows, and is cleared by RESET. 


DOUT - Data Output, PIN 9. 
Output data with jitter attenuated. DOUT is stable and valid on the rising edge of CLKOUT. 


CLKOUT - Output Clock, PIN 10. 
Jitter reduced clock output corresponding to the data on DOUT. 


OSCOUT - Oscillator Output, Pin 11. 5 


Output of on-chip oscillator, divided by four. This pin should be left floating for normal 
operation. 


DSOF3 5-11 


‘$azerae 6861600 












RESET V+ 
| S10k +5V 
= ees er 
V4 RESET(1 141] V+ 
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Figure A1. Typical Application Circuit 


APPLICATIONS 


Selecting an Oscillator Crystal 


Specific crystal parameters are required for 


proper operation of the CS61600. It is recom- 
mended that the Crystal Semiconductor 
CXT6176 crystal be used for T1 applications and 


the CXT8192 crystal be used for PCM-30 ap- — 


plications. 
General Applications 


The CS61600 will tolerate and attenuate at least 
seven unit intervals of jitter over the specified 
range of input clock and oscillator frequencies. If 
the oscillator crystal is chosen so that the center 
frequency of its pull range is close to the input 
frequency, CLKIN, the CS61600 will tolerate 
more jitter; up to 14 unit intervals will be 
tolerated under optimal conditions. 


Consider the case where the average clock 
frequency at CLKIN approaches the slow end of 


the range, 1.544 MHz - 130 ppm. In this case, — 


the oscillator will be near the bottom of its 
pull range, restricting its ability to achieve 
frequencies well below the CLKIN frequency. 
The result is that the read pointer of the FIFO 
will begin to catch up to the write pointer. If 
enough jitter is introduced, the read pointer will 
overtake the write pointer resulting in an error 


(i.e. the device will try to read out data before it 
is written in). A similar situation occurs when the 
CLKIN signal approaches the fast end of its 
range, 1.544 MHz + 130 ppm. 


Taking care in selecting the proper crystal can 
result in improved jitter tolerance without 
degrading the performance of the CS61600. If 
the center frequency of the oscillator is 
precisely four times the CLKIN frequency, and 
the crystal has at least the specified pull range, 
the CS61600 will tolerate 14 unit intervals of 
jitter. In this case, the read and write pointers of 
the FIFO will maintain optimal separation 
when the signal is jitter free, allowing the device 
to tolerate maximum jitter input. 


Master/Slave Configuration 


Some Tl applications require separate repre- 
sentations of the positive and negative going pul- 
ses for an AMI signal. Two CS61600s can be 
used to remove jitter from a set of signals con- 
sisting of POS, NEG and CLK. Figure A2 shows 
the master/slave configuration. 


This configuration requires one crystal (on the 
master). The CLKOUT signal from the master 
controls the FIFO read pointer of the slave 
CS61600. Setting ARE, pin 6, of the slave to 
logic 1 directs the device to use the clock input 
to ARC, pin 12, to control the FIFO read pointer. 
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Figure A2. Master / Slave configuration 


For this configuration to function properly, the 
positions of the FIFO read and write pointers in 
both devices must correspond. The FIFO pointer 
reset, FIFORST, of both devices must be tied 
together. After the power supplies have _ stabi- 
lized, and the clock has been input at CLKIN, 
FIFORST should be momentarily pulled low to 
reset the pointers of both devices. The overflow 
flags should then be reset by momentarily pull- 
ing RESET, pin 1, low. 





Additional slaves may be added. The ARC input 
may be derived from either the CLKOUT pin on 
the master, or the CLKOUT pin on a preceding 
slave. When using the master’s CLKOUT pin, 
the fan out must be considered. Attaching several 
inputs to the CLKOUT pin increases the load 
that the output must drive. The added 
capacitance will reduce the switching speed of 
the output driver. Similarly, a configuration 
which uses the CLKOUT signal of each 
CS61600 to drive the subsequent CS61600 will 
induce some propagation delay. These potential 
timing problems should be considered when cas- 
cading CS61600s. 


Maintaining Clock 


Many applications require that the clock signal 
from CLKOUT be maintained within some 
specified range of frequencies when the clock 
signal on CLKIN (often generated from a 
recovered T1 signal clock) goes away. Figure A3 
shows one method for maintaining the CLKOUT 
signal. The reference clock is a locally generated 
clock whose frequency lies within the tolerance 
of the applicable specifications which govern the 
system’s design. When the CLKIN signal goes 
away, the multiplexor should switch in the 
reference clock. Since this clock goes through 
the jitter attenuator, phase and frequency 
integrity at CLKOUT is maintained. 


MULTIPLEXER |— 
f LOSS OF a 
CLOCK 


DETECTOR 


LOCALLY 
GENERATED 
REFERENCE 
"CLOCK 
1.544 MHz 












CLKIN CLKOUT 
pin8 pin 10 


CS61600 
RECOVERED 


Figure A3. Maintaining Clock Integrity 
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Jitter Attenuation at Different Clock Rates 


The CS61600 can be used to attenuate jitter at 
frequencies below 2.048 MHz. For signal fre- 
quencies above about 900 kHz, selection of the 
appropriate crystal will suffice. For jitter attenua- 
tion of lower frequency signals, an external 
divider is required. Figure A4 shows how the 
CS61600 can be configured for low frequency 
jitter attenuation. | Me 


Frequency tolerance of the input signal is still 


based on the pull range of the crystal in ppm. For 
example, a 64 kbps jitter attenuator which uses 
an external divide by 32, and a 8.192 MHz 
crystal with +200 ppm pull range will have 
+ 200 ppm tolerance at 64 kbps or + 12.8 Hz. 





Figure A4. Low Clock Frequency Jitter Attenuation 
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Features General Description 
e Accepts Input Clock with Frequency of The CS80600 from Crystal Semiconductor accepts 4.5 
4.5 MHz to 8.5 MHz to 8.5 MHz clock and data inputs and removes up to +3 
data bits of jitter before outputting the data and clock. 
@ Unique Clock-Tracking Circuitry Jitter is removed using an internal clock tracking circuit 


and an 8-bit FIFO elastic store. 


Tolerates and Attenuates At Least 3 


Unit Intervals of Jitter Applications | 


* Token Ring: The CS80600 can be used to 


@ Minimal External Components Required eliminate the accumulation of data-pattern 
dependent jitter which is the primary factor 

© 14 Pin DIP rnuting the size of token rings. The 
In CS80600 is intended for application in sta- 

. tion adaptor cards, in active wiring 


Single 5 Volt Supply concentrators, and in repeators. 


© 3 Micron CMOS for High Reliability and |” See mutolesre® CEPT? and second 


Low Power Dissipation: 50 mW Typical ORDERING INFORMATION 
at 25 °C CS80600-P  - 14 Pin Plastic DIP 





Block Diagram 


FIFORST OVR RESET 





XTALIN XTALOUT OSCOUT 





Crystal Semiconductor Corporation APR ’90 
P.O. Box 17847, Austin, TX 78760 DS10F3 
(512) 445-7222 FAX: (512) 445-7581 5-15 
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Storage Temperature | Tsg | = 65 


Note: 1. Device can tolerate transients of up to 100mA without latching up. 






WARNING: Operation beyond these limits may result in permanent damage to the device. | 
_ Normal operation is not guaranteed at these extremes. 


RECOMMENDED OPERATING CONDITIONS | as 
~DC Supply. — |.-Ve | 45-) 50 | 55 | Vt 
Ambient Operating Temperature] Ta | 0 | 25 | 70__ 


Power Dissipation 


Input Jitter Tolerance 


DIGITAL CHARACTERISTICS (ta = 0°C to 70°C; V+ = 5V + 10%; GND = OV) 

Parameter | Symbol | Min | Typ 
High-Level Input Voltage 

Low-Level Input Vatage [vy | 
High-Level Output Voltage (Note2&3)} Voy 


Notes: 2. Outputs will drive CMOS logic levels into a CMOS load. 
3. lout = -40 pA 
4. lout= 1.6mA 



















Specifications subject to change'without notice. 
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SWITCHING CHARACTERISTICS (Ta = 0°C to 70°C; V+ = 5V + 10%; GND = OV; 
Inputs: Logic 0 = OV, Logic 1 = V+) 

Symbol 

, 

) 

t 

t 





Units 
2 


Typ 












O1 
O 
O 


romano) 
O1 
© 
oO 


CLKOUT Frequenc (Note 6 


Clock Pulse Width | owl 
Note 7) pwi 


( 
Duty Cycle (Notes)}  - | 
Rise Time, All Digital Outputs (Notes) | tr 
(CLKIN Fallingto DINHoldTime | th 


t, 

th 

CLKOUT Falling To DOUT t 
Propagation Dela ee 


a o—_,, 
“~~ 
Ft a i 
NM Pl 
a" oO” 






RESET Pulse Width 10 
FIFORST Pulse Width 100 


Note: 5. Crystal must meet specifications described in Applications Section of this data sheet. 
6. Although CLKIN and CLKOUT will vary in instantaneous frequency (jitter), over time CLKOUT 
will have the same average frequency as CLKIN. 
7. The sum of the pulse widths must always meet the frequency specifications. 
8. Duty cycle is (tpWH / (tpWH + tpWwL)) x 100%. 
9. At maximum load of 1.6mA and 50pF. 


O1| G 
ro Oo} © 


—!/ Gd O1 
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Figure 1. Signal Rise and Fall Characteristics 






CLKIN, CLKOUT 


Figure 2. Clock Signal Quality 


CLKIN 


er th 
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bit bit 

CLKOUT 
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bit bit 


Figure 3. Switching Characteristics 
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CIRCUIT DESCRIPTION 
Jitter Attenuation 


The CS80600 will tolerate and attenuate at least 
three unit intervals of jitter from a 4.5MHz to 
8.5MHz data and clock signal. An external clock 
divide circuit can be added for jitter attenuation 
for lower frequency signals. Jitter attenuation is 
accomplished by means of a FIFO and a variable 
oscillator. The frequency of the oscillator is con- 
trolled by logic in the CS80600 to be the same as 
the average of the input clock signal, CLKIN. 
Signal jitter is absorbed in the FIFO. 


The FIFO’s write pointer is controlled by the 
CLKIN signal. Data present on DIN is written 
into the memory location selected by the write 
pointer. The CLKOUT signal corresponds to the 
FIFO’s read pointer and is controlled by the 
crystal oscillator. Internal logic determines the 
relationship of the read pointer and the write 
pointer, and adjusts the speed of the oscillator. 
For example, if the CLKIN signal is at a higher 
frequency than the CLKOUT signal, the write 
pointer will start to catch up with the read 
pointer. When this situation is detected, the 
capacitive loading the device presents to the 
crystal is reduced, resulting in an increase in 
oscillator frequency and read pointer (CLKOUT) 
frequency. The oscillator frequency is peri- 
odically updated and adjusted to maintain the 
FIFO at half full. High frequency variations in 
the phase of the CLKIN signal (jitter) are 
absorbed in the FIFO. 


There are some advantages to this method of 
jitter attenuation. The device can tolerate large 
amplitude jitter at high frequencies. The device 
can track slow changes of the input clock fre- 
quency (wander) and tolerate input frequencies 
ranging over a specified frequency tolerance. 


A by product of this method of jitter attenuation 
is that the greater the input jitter, the greater the 
jitter attenuation, and the lower the frequency at 


DS10F3 


which the device starts to attenuate jitter. Con- 
versely, low amplitude jitter recieves little 
attenuation. This performance characteristic 1s 
shown graphically in Figure 4. 


JITTER 
ATTENUATION 
(dB) 
0 UNIT INTERVALS 
OF JITTER (P-P) 
5 
-10 
20 dB/ 
-15 DECADE 
-20 
2.0 
-25 2.5 
3.0 
100 1k 10k 


JITTER FREQUENCY (Hz) 


Figure 4 - Jitter Attenuation Characteristics 
for 8MHz Nominal Frequency 


Clock Operation 


The CS80600 requires an external crystal. Exact- 
ing crystal specifications must be met to ensure 
proper operation of the curcuit. Information on 
specifying crystals for the CS80600 is provided 
in the Applications section which appends this 
data sheet. : 


It is possible to use an externally generated clock 
signal to clock data out of the CS80600. The 
external clock is input to the Alternate Read 
Clock input, (ARC, pin 12). Holding the Alter- 
nate Read Enable pin high (ARE, pin 6), directs 
the CS80600 to clock data out of the FIFO at the 
rate determined by ARC. Unless the clock signal 
on ARC is at exactly the same average frequency 
as the clock signal on CLKIN, the CS80600 will 
be prone to underflow or overflow and data will 
be lost. 
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FIFO Overftow!Underflow 7 


If underflow or overflow occurs, the buffer over- 


flow/underflow flag, OVR (pin 3), goes high. A 
RESET (pin 1) resets the overflow flag. If an 
overflow occurs, the eight bits of data in the 
FIFO are lost. An underflow condition causes the 
next eight bits read from the FIFO to be invalid. 
In either case, the CS80600 will immediately 
attempt to relock on to the clock signal. Holding 
RESET low disables the OVR flag. 





FIFO Reset 


Taking the FIFORST pin low causes most of the 
subcircuits of the CS80600 to go into a reset 
state. These circuits will remain in a reset condi- 
tion until FIFORST is returned to a logic 1 state. 
However, the outputs of the CS80600 are un- 
defined if FIFORST is held low for more than 


500 ms. The FIFO reset function will set the. 


FIFO write and read pointers to the first and 
fourth locations respectively. The oscillator will 
continue to run and CLKOUT will « continue to 
be output. 


Power-Up Reset 


Upon power up, the CS80600 goes through an 
initialization procedure which requires. ap- 
proximately 3 ms. During power-up reset, the 
overflow pin, OVR, is held high. When 
initialization is complete, the OVR pin goes low 
and the CS80600 is ready to lock on to an input 
clock signal on CLKIN. 
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PIN DESCRIPTIONS 


RESET RESET [}1® ~ 14{| V+ POWER SUPPLY 
FIFO RESET FIFORST [j2 13]} DIN MANCHESTER DATA INPUT 
BUFFER OVERFLOW/UNDERFLOW OVR [3 12|| ARC ALTERNATE READ CLOCK 
CRYSTAL OUTPUT XTALIN [j4 11|] OSCOUT OSCILLATOR OUTPUT 
CRYSTAL INPUT XTALOUT [|5 10|} CLKOUT OUTPUT CLOCK 
ALTERNATE READ ENABLE ARE ||6 9 |] DOUT DATA OUTPUT 
GROUND GND [7 8 || CLKIN INPUT CLOCK 








Power Supplies 


V+ - Positive Power Supply, PIN 14. 
Typically +5V volts. 


GND - Ground, PIN 7. 
Ground reference. 


Oscillator 


XTALIN; XTALOUT - Crystal Input; Crystal Output; PINS 4, 5. 
A 20 kQ resistor should be connected across these pins parallel with the crystal. There is no need 
for external capacitors. The crystal should be connected to XTALIN and XTALOUT with 
minimal length traces on the pc board. 


Control 


RESET - Reset, PIN 1. 
When RESET is taken low, the OVR signal is reset. 





FIFORST - FIFO Reset, PIN 2. 
Taking FIFORST low resets the read and write pointers of the FIFO. Resetting the pointers will 
cause some data loss. 


ARE - Alternate Read Enable, PIN 6. 
For normal operation, ARE is held at logic 0. In this configuration the oscillator controls the read 
pointer of the FIFO. When ARE is at logic 1, the read pointer of the FIFO will be controlled by 
the clock signal on pin 12, ARC. : 
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Inputs 
CLKIN - Clock Input, PIN 8. 
Clock for the data input. This clock contains the jitter to be removed. 


DIN - Data Input, PIN 13. 
Data input is sampled on the falling edge of CLKIN. 


ARC - Alternate Read Clock, PIN 12. | | | 
When ARE, Pin 6, is at logic 1, a clock signal on ARC will control the FIFO’s read pointer. 
CLKOUT, pin 10, will be at the same frequency and phase as ARC. Setting ARE to logic 0 
results in the device using its oscillator to generate CLKOUT. 


Outputs 


OVR - Buffer Overflow/Underflow, PIN 3. 
Goes high if the FIFO overflows or underflows, and is cleared by RESET. 


DOUT - Data Output, PIN 9. 
Data output with jitter removed. DOUT is stable and valid on the rising edge of CLKOUT. 


CLKOUT - Output Clock, PIN 10. 
Jitter free clock output corresponding to the data on DOUT. 


OSCOUT - Oscillator Output, Pin 11. 
Output of the crystal oscillator. 
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APPLICATIONS 
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Figure A1. Basic LAN Application suggested for TMS380 Chip Set 


Token Ring Operation 


The CS80600 can be used, as shown in Figure 
Al with the TMS380 Token Ring adaptor chip- 
set in station adaptors, active wiring con- 
centrators and/or repeaters to attenuate jitter that 
accumulates in a ring. Figure A1 has the effect of 
masking frequency deviations from the 
TMS38020 and preventing the "Hardware Error 
Process" from triggering. In this case, error 
recovery occurs as the result of higher level 
procedures. 








CS80600 DIN 
OVR 


RESET 
CLKIN 


DS10F3 


DRVR RCLK _ SLKOUT CLKIN le RCVR 
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Figure A3. Eliminating TMS38010/20/30 in Repeaters 


Figure A2 allows the "Hardware Error Process” 
to occur. When the CS80600 overflows or 
underflows, a MUX is used to pass the out-of- 
frequency clock data around the CS80600 for a 
fixed number of bits. After those number of bits 
are passed, the CS80600 is switched back into 
the circuit. This allows the TMS38020 to 
observe a wide frequency variation. 


Figure A3 shows how the CS80600 can be used 
to generate a FRAQ signal, thereby allowing the 
TMS3805 1/52 PLL to be controlled in a repeater 
without the use of the TMS38020. 
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Figure A4. Typical Jitter Attenuation Curcuit 


T2 Operation Together, C1, Co and Cioad can be used to set the 
| | Se | pull range of the oscillator and its maximum and 

The CS80600 may be connected as shown in minimum frequencies. 
Figure A4 for jitter attenuation in T2 applica- - : | | 
ca _ Determining Required Pull Range 


tions. 
Selecting an Oscillator Crystal Four factors contribute to the required pull 
| | _ range of the crystal: _ : 
Figure AS shows an equivalent representation of 1) The frequency range required for the 
the oscillator circuit. The variable load capacitor application. oe 
is internal to the CS80600. The value of this 2) The frequency drift of the crystal over 
capacitor is controlled by logic internal to the the operating temperature range. 
CS80600. Based on this model, equations 1 and 3) The variability in load capacitance 
2 have been developed to help calculate the from IC to IC. 
required crystal parameters necessary to meet 4) The accuracy to which the crystal can 
system requirements. | | be manufactured. 
| All of these factors have been measured or can 
be controlled. 


VARIABLE 
LOAD 
CAPACITOR 





For a given crystal geometry, the series resonant 
frequency of the crystal is inversely proportional 
to Ci. The relationship of the crystal’s series 
GOIN SA Ta a edd resonant frequency to its parallel resonant fre- 
quency in the oscillator circuit determines the 
- pull range of the oscillator. The further away the 
Figure A5. Equivalent Circuit of Oscillator series resonant frequency is from the parallel 
resonant frequency (which is set by the load con- 
| dition in the oscillator circuit) the greater the pull 
The important parameters in this model are the range of the crystal. That is: a smaller Ci (greater 
upper and lower bounds of Cload (the variable —— series resonant frequency) results in less pull 
load capacitor) and the value of Co and C1. C1 range, while the larger the C1 (lower series 
can be used to control the series resonant fre- resonant frequency), the larger the pull range. 
quency of the crystal. The minimum values of | 
Cload and Co set the parallel resonant frequency. 
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The series resonant frequency of the crystal is 
calculated by Equation 1. 


fgs=fN- Af 
2(CL-CH) 
fs =series resonant frequency of crystal 
fN = Nominal Signal Frequency 
- should be 8.000000 MHz for LAN 
- should be 6.312000 MHz for T2 
- should be 8.448000 MHz for CEPT2 
Af = required pull range of crystal in Hz (Appm x fN) 
CL =load capacitance for low frequency oscillation 
average is ~44.0 pF) 
CH =load capacitance for high frequency oscillation 
(average is ~9.5 pF) 


(CL+CH+2CQ) (C’s in pF) (1) 


The parallel resonant frequency is calculated by 
Equation 2. 


fload = fs ( Ci+Cioaa+Co ae (2) 
loadt+ CO 

Table Al shows the crystal frequency as a func- 
tion of load capacitance. The deviation in 
frequency from the nominal is shown in ppm. 
Temperature drift has been accounted for as 
shown. The accuracy to which Co and C] can be 
controlled, and the accuracy to which a crystal 
can be trained or calibrated should be factored 
in to guarantee that the required frequency range 
will be met. 


The setup shown in Figure A6 can be used to test 
crystals. When no CLKIN signal is applied to the 


device, the oscillator will tend to pull to one 
extreme of its pull range. Momentarily pressing 
the push button moves the relative positions of 
the FIFO pointers and if the write pointer stops 
(when the push button opens) in the right 
relationship to the read pointer, the oscillator will 
pull to the other end of its range. It may take a 
few tries. 


CLKOUT 





Figure A6. Crystal Pull Range Test 


General Applications 


The CS80600 will tolerate and attenuate at least 
three unit intervals of jitter over the specified 
range of input clock and oscillator frequencies. If 
the oscillator crystal is chosen so that the center 
frequency of its pull range is close to the input 
frequency, CLKIN, the CS80600 will tolerate 
more jitter; up to seven unit intervals will be 
tolerated under optimal conditions. 


NOMINAL INPUT SIGNAL FREQUENCY 


8.000000 MHz 
Chigh freq 
max 10.7 8001360 


C_ in pf 


C low freq 


-170 
min 41.0 lp 


7998640 


ASSUMING +50 ppm TEMPERATURE DRIFT FROM 0°- 70° C 


MAXIMUM ALLOWABLE PULL RANGE: 





+170 ppm 


ONIGNOdS3SYHOd 
YOd AONSNOAYA WLSAYD 


JONVLIOVdVD GVOT 


400 ppm 


Table Al. LAN Crystal Requirements 
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Consider the case where the average clock fre- 
quency at CLKIN approaches the slow end of 
the range, 8.000 MHz - 100 ppm. In this case, 
the oscillator will be near the bottom of its pull 
range, restricting its ability to achieve frequen- 
cies well below the CLKIN frequency..The result 
is that the read pointer of the FIFO will begin to 
catch up to the write pointer. If enough jitter is 
introduced, the read pointer will overtake the 
write pointer resulting in an error (i.e. the device 
will try to read out data before it is written in). A 
similar situation occurs when the CLKIN signal 
approaches the fast end of its range, 8.000 MHz 
+ 100 ppm. In either case, the CS80600 will 
tolerate at least 3 unit intervals of jitter. 


Taking care in selecting the proper crystal can 
result in improved jitter tolerance without 
degrading the performance of the CS80600. If 
the center frequency of the oscillator is precisely 
the CLKIN frequency, and the crystal has at least 
the specified pull range, the CS80600 will 
tolerate 7 unit intervals of jitter. In this case, the 
read and write pointers of the FIFO will maintain 
optimal separation when the signal is jitter free, 
allowing the device to tolerate maximum jitter 
input. — 7 . 7 
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Master/Slave Configuration 


Some applications require separate repre- 
sentations of the positive and negative going 
pulses for an AMI signal. Two CS80600s can be 
used to remove jitter from a set of signals 
consisting of POS, NEG and CLK. Figure A7 
shows the master/slave configuration. 


This configuration requires one crystal (on the 
master). The CLKOUT signal from the master 
controls the FIFO read pointer of the slave 
CS80600. Setting ARE, pin 6, of the slave to 
logic 1 directs the device to use the clock input 
to ARC, pin 12, to control the FIFO read pointer. 
For this configuration to function properly, the 
positions of the FIFO the read and write pointers 


in both devices must correspond. The FIFO 


pointer reset, FIFORST, of both devices must be 
tied together. After the power supplies have 
stabilized, and the clock has been input at 
CLKIN, FIFORST should be momentarily 
pulled low to reset the pointers of both devices. 
The overflow flags should then be reset by 
momentarily pulling RESET, pinl,low. 


DINg 
mae multiple | 
slaves 
may be 
added 


DOUT» 


Figure A7, Master/Slave Configuration 
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Additional slaves may be added. The ARC input 
may be derived from either the CLKOUT pin on 
the master, or the CLKOUT pin on a preceding 
slave. When using the master’s CLKOUT pin, 
the fan out must be considered. Attaching several 
inputs to the CLKOUT pin increases the load 
that the output must drive. The added 
capacitance will reduce the switching speed of 
the output driver. Similarly, a configuration 
which uses the CLKOUT signal of each 
CS80600 to drive the subsequent CS80600 will 
induce some propagation delay. These potential 
timing problems should be considered when 
cascading CS80600s. 


Creating Phase Coherent Clocks From Two 
Clock/Data Streams 


The master/slave configuration can be used to 
align two independent clock/data streams as long 
as the clocks of both signals are at exactly the 
same average frequency. The schematic shown in 
Figure A7 is used to implement this application, 
but CLKIN signals are independent, not tied 
together. This application will attenuate jitter as 
long as the jitter input to either device plus the 
difference in unit intervals between the clock 
signals does not exceed seven unit intervals. 
Note that more jitter can be tolerated if the 
guidelines described at the beginning of this sec- 
tion are followed. 


Maintaining Clock 


Many applications require that the clock signal 
from CLKOUT be maintained within some 
specified range of frequencies when the clock 
signal on CLKIN (often generated from a 
recovered T2 or CEPT2 signal clock) goes away. 
Figure A8 shows one method for maintaining the 
CLKOUT signal. The reference clock is a locally 
generated clock whose frequency lies within the 
tolerance of the applicable specifications which 
govern the system’s design. When the CLKIN 
signal goes away, the multiplexor should switch 
in the reference clock. Since this clock goes 
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through the jitter attenuator, phase and frequency 
integrity at CLKOUT is maintained. 


LOCALLY 
GENERATED 


REFERENCE 
CLOCK MULTIPLEXER 
F LOSS OF 
CLOCK 


DETECTOR 












CLKIN CLKOUT 
pin& pin 10 


CS80600 


RECOVERED 
CLOCK 


Figure A8. Maintaining Clock Integrity 


Jitter Attenuation at Different Clock Rates 


The CS80600 can be used to attenuate jitter at 
frequencies below 4.5 MHz. For signal frequen- 
cies above about 4.5 MHz, selection of the 
appropriate crystal will suffice. For jitter attenua- 
tion of lower frequency signals, an external 
divider is required. Figure A9 shows how the 
CS80600 can be configured for low frequency 
jitter attenuation. 


Frequency tolerance of the input signal is still 
based on the pull range of the crystal in ppm. For 
example, a 64 kbps jitter attenuator which uses 
an external divide by 128, and a 8.192 MHz 
crystal with +200 ppm pull range will have 
+ 200 ppm tolerance at 64 kbps or + 12.8 Hz. 





Figure A9. Low Frequency Jitter Attenuation 
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INTRODUCTION. | 


Crystal’s industry-standard DTMF receivers, CS8870, CS202, CS203 and CS204 exhibit performance 
which exceeds that of competitive devices. The Crystal CS202/3/4 family requires half the power of 
industry alternatives, provides 22 dB more dial-tone rejection and has better latch-up immunity than 
products available from other vendors. The receivers incorporate filters to guarantee the best possible 
signal-to-noise ratio. This allows highly accurate decoding of telephone tones into digital outputs. 


USER’S GUIDE | 
CS202/3 C204 CS8870 


DTMF DTMF DTMF 
Receiver Receiver Receiver 








Package Size (# pins) (18 | 14 18 
Signal Sensitivity — -32dBm © -32 dBm -29 dBm 
Dial Tone Tolerance |. 22¢dB |  22dB 22 dB 
Acceptable Twist —  - f  10 dB 10 dB 10 dB 
Typical Power Consumption © 6mA 6mA 6 mA 
Tone Pairs Detected 12 or 16 16 16 
Output Format =. Hex/Binary Hex Hex 
Package 18 pin DIP 14 pin DIP 18 pin DIP 





CONTENTS 


CS202/3 DTMF Receiver ee te ete! ee 63 
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DTMF Receiver 
Features General Description 
@ Full Receiver Implementation The CS202 and CS208 are fully integrated DIMF (Dual 
; Tone Multifrequency) receivers that decode the tone 
© Central Office Quality pairs used in standard dialing schemes. All of the func- 
e tions needed for decoding the tone pairs are 
Detects 12 or 16 DIMF Tone Pairs implemented using Crystal's double-poly CMOS 
® Uses Inexpensive 3.579 MHz process for low power and high performance. 
Colorburst Crystal 
@ Hex or Binary 2-of-8 Output 
@ Synchronous or Handshake Controlled 
Output 
® Built-in Filter for Dial Tone Rejection 
@ 18 Pin Package 
¢ Single 5 Volt +10% Power Supply ORDERING INFORMATION 
e CS202-P - 18 Pin Plastic DIP 
Eally beled eue CS203-P - 18 Pin Plastic DIP 
® Pin Compatible with SSI 202/SSI 203 All standard 300 mil DIPs 
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ABSOLUTE MAXIMUM RATINGS 











| a Parameter | 
DC Supply Vp - GND 


laput Curent Aay Pin awa | Tw | = | 100 | mA 
[Ambient Operating Temperature] Tx | 40 | 5 | °C 


WARNING: Operation beyond these limits may result in permanent damage to the device. Normal operation 
is not guaranteed at these extremes. : 
Note: 1. Transient currents of up to 100 mA will not cause SCR latch-up. 







RECOMMENDED OPERATING CONDITIONS | 


se 
Crystal Frequency 3.5759 | 3.5795| 3.5831 
Ambient Operating Temperature 


Parameter 


High-Level Input Voltage Vv 


Low-Level Input Voltage V 
High-Level Output Voltage . 
200 uA Load ote 2 WD=0:9 


IL 
OH | 
Low-Level Output Voltage Vor 


) 
400 uA Load (Note 2) 
Note: 2. Does not include XOUT. 





Specifications subject to change without notice. 
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Parameter 


Supply Current (Note 3) py 
Detection Amplitude (Note 4) dBm 
( 







a4 
Ct ane 
‘Dial Tone Tolerance nwwoio) > 
TakOn own] 
Power Supply Noise puwo| > 
Noise Tolerance pum7.1o) = 


Inout Impedance at ANALOG IN 100/15 Fe 
(Note 9) 


3. TA = 25°C 

4. Each tone. dBm = decibels above or below a reference power of 1mW into a 600Q load. 
5. Twist = high tone/low tone. 

6. Precise dial tone frequencies of 350Hz + 2% and 440Hz + 2%. 

7. MITEL tape #CM 7290 

8. Bandwidth limited (8kHz) Gaussian noise. 

9. Vin = (Vp - 10V) to Vp 

0. Referenced to lower amplitude tone 
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SWITCHING CHARACTERISTICS (Ta = 0°c to 70°C; Vp = 5V + 10%) 















Tone Time: _ for detect lon 40 =. 
ae for reject ton - 20 — | 
Pause Time: for detect lott ~ 40 oe ms | 
for reject tot - 20 | ms 

DetectTime ys 
[Release Time | | 28 | - | 60 | ms 
Data Setup Time et ee “tae 
Data Hold Time a 
BV Clear Time aso 
CLRDV Pulse Width 300 ns 
ED Detect Time i 
ED Relea Tine Peas ene 
utput Enable Time (Note 11) | z | 
Output Disable Time | (Note 11) oe es 

Output Rise Time (Note 11) | 

Output Fall Time (Note 11) 





Note: 11. RL and CL are parallel impedances. 
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Any Digital Output 


70% 


EN 30% 
ten tdis 
Hi-Z Oe. ies % Hi-Z 
D1, D2, D4, D8 | 4 (0% Valid Data i ) 


ton —}—tot 
ANALOG IN pause 
Tone Burst 1 Tone Burst 2 


2 “a 
D1, D2, D4, D8 | ee | al 
Se ba 





DV 


ta 
CLRDV 


ah He = 


ED 


Figure 1 - Timing Diagram 
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GENERAL DESCRIPTION 


The CS202 and CS203 are complete Dual Tone 
Multifrequency (DTMF) Receivers designed to 
detect 12 or 16 digits in either a 2-of-7 or 2-of-8 
tone selection scheme. These devices provide all 
of the necessary filtering and require only an ex- 


ternal 3.5795 MHz colorburst crystal and a resis- - 


tor to provide a reference clock. Both devices are 
designed using a high-density, low-power 
CMOS technology, and provide the best perfor- 
mance at the lowest cost. 


The CS202 and CS203 have filtering on board to 
guarantee the best signal-to-noise performance 
possible. The DTMEF signal is passed through a 


dial tone reject filter to reduce dial tone inter-— 


ference, and is then separated into low and high 
groups using two bandsplit filters. The output of 
each bandsplit filter contains frequency com- 
ponents from only one DTMF tone group. 


Table 1 - DTMF Dialing Matrix 


High-Band 










For a valid DTMF signal to be detected, each 
group must simultaneously contain only one — 


valid DTMF tone. Detection of the two tones is 
accomplished with a digital algorithm. The 


sinusoidal filter output waveforms pass through | 


a pair of hard limiters. The decoder takes the 
resultant square waves and measures their 
periods. This period measurement varies with jit- 
ter created by any extraneous signals within the 
signal passed to the limiter. The period measure- 
ment is averaged over a number of cycles and 
compared to a range of period measurements 
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| Low-Band | Column1 | Column 2 | Column3 | Column 4 
1209 Hz | 1336 Hz 1477 Hz 1633 Hz 
A qt. 


representing the three or four expected tones. If 
both bands have a valid tone decoded, the ED 
signal (CS203 only) will go high. 


After two valid tones have been recognized by 
the decoder, the tones are subjected to a detect 
timing cycle. The two tones must remain valid 
for 20 to 40 ms for DV to go high, indicating 
that a valid digit has been decoded. This prevents 
voices or other in-band noise from creating a 
false trigger. 


After a valid digit is indicated, the timing circuit 
will then enable a timing chain that detects drop- 
outs. If a signal drop of less than 20 ms duration 
occurs, it will be ignored. This timing prevents 
false triggering due to keybounce or other signal 
interruptions. Any drop-out in excess of 40 ms is 
considered a valid release; the receiver is reset 
(DV goes low), and all decoded outputs are 


_ cleared for the next decode. 


Interfacing to the CS202 and CS203 


The CS202 and CS203 have analog, data and 
control interfaces. The analog interface deter- 


~ mines how an analog voice channel is connected. 


The data interface controls the method of ex- 
tracting output data. The control interface deter- 
mines what signals are detected and how they are 
presented to the data interface. 


The analog interface consists of only one signal: 


~ ANALOG IN. The ANALOG IN signal can be 


either DC-coupled or AC-coupled using a 
0.01uF capacitor. Care must be taken not to ex- 
ceed the voltage requirements of the pin. It is 
also desirable to add a simple RC lowpass filter 
to bandlimit the input to the voice band (100 Hz 
to 3.4 kHz) so that high frequency noise near the 
55.9 kHz internal sampling frequency is not 
aliased into the voice band by the internal 
switched-capacitor filters. 
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ANALOG IN 
CS202/3 


Figure 2 - AC - Coupled Input 


The data interface is structured as either a 
strobed (synchronous) or handshake output. In 
the strobe mode, CLRDV is held low and DV is 
used as a data clock to strobe valid information 
from the data pins (D1, D2, D4, D8). The hand- 
shake mode is useful in an edge-triggered en- 
vironment. The DV pin is used to generate an in- 
terrupt which forces the system to read informa- 
tion from the data pins. The interrupt (DV), is 
then cleared by taking CLRDV high momentari- 
ly. When there is a need to interface the receivers 


to a bus, the CS202 and CS203 can be three-state © 


controlled by the EN pin.. The EN pin must be 
held high to take the devices out of the high im- 
pedance state and into a data output mode. Con- 
versely, taking EN low will force the devices 
into high impedance states and prevent bus 
conflicts. 


Table 2 - Digital Encoding of DTMF Signal 


Binary 2-of-8 
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The control interface is represented by the 
HEX/B28 pin and the IN1633 pin. Both of these 
pins control the output. data. The HEX/B28 pin 
will place the output in a hex format when tied 
high, and will put it into a binary coded 2-of-8 
output format when held low. The IN1633 pin is 
used to select either the 12 digit or the 16 digit 
format. When this pin is high, the devices will 
consider any tone pairs containing the 1633Hz 
signal (digits A, B, C and D) as invalid signals. 
When this pin is low, all tones are decoded. 


Clock Generation 


The CS202 and CS203 provide two separate 
means of clock generation, internal and external. 
With internal clock generation, a 3.5795 MHz 
crystal is tied between XIN and XOUT, a IMQ 
resistor is tied in parallel with the crystal to 
guarantee oscillation, and the XEN signal is tied 
high enabling the crystal oscillator. In this mode, 
the ATB pin is a 447.443 kHz clock output 
which can be used to drive up to 10 other CS202 
and CS203 devices that are in the external clock 
mode. | 


3.579 MHz 
— 1M&2| cs202/3 
i 11 


Figure 3 - Clock Options 











The external clock mode is obtained by tying 
XIN high and XEN low. In this mode, the inter- 
nal oscillator output is placed in a high im- 
pedance state, and ATB is used to input a 
447.443 kHz clock. 4 








Power Supply _ 


The CS202 and CS203 operate on a 5V + 10% 
power supply. As with any circuit that combines 
analog and digital signals, good power supply 
decoupling is recommended. For best perfor- 
mance, a 0.1pF non-polarized (mylar, ceramic, 
etc.) capacitor should be tied between Vp and 
GND. Additional low frequency protection can 
be achieved with a 10uF electrolytic capacitor 
connected in parallel with the 0.1pF capacitor. 
The decoupling capacitors should be situated as 
close to the device as possible. 


DATA OUTPUT 1 D1 


HEX/BINARY 2-OF-8 SELECT HEX/826 
DATAENABLE —_—sCEN 

1633Hz INHIBIT —_—IN1633 

POWER Vp 

NO CONNECT NIC 

ch “GROUND GND 
OSCILLATOR ENABLE XEN 


DTMF INPUT ANALOG IN 


DATA OUTPUT 1 Dif 


HEX/BINARY 2-OF-8 SELECT HEX/B28- 
DATA ENABLE EN 

1633Hz INHIBIT ~ IN1633 

POWER Vp 

EARLY DETECT. ED 
GROUND GND 

OSCILLATOR ENABLE XEN 


DTMF INPUT ANALOG IN 





D2 DATA OUTPUT 2 

D4 DATA OUTPUT 4 

D& = DATAOUTPUT 8 

CLRDV DATA VALID CLEAR 

DV DATAVALID | 
ATB) ALTERNATE TIME BASE 
XIN CRYSTAL INPUT 

XOUT CRYSTAL OUTPUT 

GND GROUND 





DATA OUTPUT 2. | 
DATA OUTPUT 4 | 
DATA OUTPUT 8 

DATA VALID CLEAR 
DATA VALID | 
ALTERNATE TIME BASE 
CRYSTAL INPUT 
CRYSTAL OUTPUT 
GROUND 
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PIN DESCRIPTIONS 


Power Supplies 


Vp - Positive Power Supply, PIN 5. 
Nominally, +5 volts. 


GND - Ground, PINS 7 and 10. 
Negative power supply pins. Normally connected to system ground (0 volts). Pin 10 must be 
connected to ground. Pins 7 and 10 are connected together internally so that’ an external 
connection of pin 7 to ground is optional. If pins 7 and 10 are both connected to ground, they 
should be tied to the same ground trace on the PCB. a ce . 


Oscillator 


XIN - Crystal Input, PIN 12. 
Input pin for the crystal oscillator. One lead of the crystal and its bias resistor are tied to this pin. 


XOUT - Crystal Output, PIN 11. S & « | _ te 
Crystal oscillator output pin. One lead of the bias resistor and crystal are tied to this pin. 


XEN - Oscillator Enable, PIN 8. 
Setting XEN to logic 1 puts the device in the internal clock mode. The on chip oscillator is used 
as the clock and the ATB pin is configured to output 447.443 kHz (fosc/8). Setting XEN to logic 
0 puts the device in the external clock mode. In the external clock mode, a clock signal input to 
the ATB pin is used to clock the device; the internal oscillator is not used. 


ATB - Alternate Time Base, PIN 13. 
In the internal clock mode (XEN = 1), ATB will output a 447.443 kHz clock (fosc/8). In the 
external clock mode (XEN = 0), a 447.443 kHz clock should be input to the ATB pin. 


Inputs 


ANALOG IN - DTMF Input, PIN 9. 
Signal channel input. The DTMF tones to be decoded are input into this pin. 


IN1633 - 1633 Hz Inhibit, PIN 4. 
Setting IN1633 to logic 1 causes the device to not decode tone pairs which contain 1633 Hz 
tones. If IN1633 is set to logic 0, the device will decode all 16 DTMF tone pairs. 


HEX/B28 - Hex/B28, Binary 2-of-8 Select, PIN 2. 
Setting HEX/B28 to logic 1 causes the code corresponding to the decoded DTMF signal to be 
output in a Hexadecimal format. Data will be output in a Binary 2 of 8 format if HEX/B28 is set 
to logic 0. 
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EN - Data Enable, PIN 3. 
Holding EN at logic 1 enables the data outputs. Setting EN to logic O causes the ee outputs to 
go to a high impedance State. 


CLRDV - Data Valid Clear, PIN 15. 
Setting CLRDV to a logic 1 clears a data valid indication on DV. 


Outputs 


D1; D2; D4; Ds - Data Outputs, PINS 1; 18; 17; 16. 
A code corresponding to a. decoded DTMF signal is output on these eae This pitoil can be in 
hexadecimal (HEX/B28 = 1) or binary 2 of 8 (HEX/B28 = 0). | 


DV - Data Valid, PIN 14. 
DV goes to logic 1 when the code corresponding a valid tone pair is present on the data outputs. 


ED - Early Detect (CS203 Only), PIN 6. 
Indicates data detection prior to processing through the timing circuitry. It is subject to false 
triggering and drop-outs but can be used to determine if signals are reaching the decoder. — 


Miscellaneous 


N/C - No Connect (CS202 Only), PIN 6. | 
Not internally bonded. = | | 
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DTMF Receiver 
Features General Description 
@ Full Receiver Implementation The CS204 is a fully integrated DTMF (Dual Tone Multi- 
frequency) receiver that decodes the tone pairs used in 
¢ Central Office Quality standard tone dialing schemes. All of the functions 
® Detects All 16 DTMEF Tone Pairs needed for decoding the tone pairs are implemented 
| using Crystal’s double-poly CMOS process for low 
@ Uses Inexpensive 3.579 MHz power and high performance. 
Colorburst Crystal 
® Hex Output 
@ Built-in Filter for Dial Tone Rejection 
@® 14 Pin Package 
® Single 5 Volt +10% Power Supply 
® Low Power CMOS Technology ORDERING INFORMATION 
; : : CS204-P - 14 Pin Plastic DIP 
® Pin Compatible with SSI 204 Standard 300 mil DIPs 
Block Diagram 
| BANDSPLIT | 
FILTERS. pete 
: 'LIMITERS | nN 
: | HIGH BAND J: 7 
ANALOG IN ae | FREQUENCY 
SS DETECTORS D1 
" FILTER —7 ! 
| am Suacncakete | seen eae D2 
D4 
XIN Ds 
XOUT 
XEN 
ATB 
04 08 
Vp GND EN 
Crystal Semiconductor Corporation APR ’90 
P.O. Box 17847, Austin, TX 78760 DS7F3 


(512) 445-7222 FAX: (512) 445-7581 6-13 





. Parameter 
DC Supply a — 


Input Voltage, Any Pin Except _ 
Analog in at 2 ee 
| Input Voltage, Analog In 





WARNING: Operation at or beyond these limits may result in permanent damage to the device. Normal opera- 
tion is not guaranteed at these extremes. 
Note: 1. Transient currents of up to 100mA will not cause latch-up: 


3 | 80 | 85 













ax 
55 
High-Level Input Voltage | Vy | 0.7Vp i. i 
Low-Level Input Voltage Vi ee | 0.3Vp 
- | 
ac 


0 
p 







High-Level Output Voltage | 
Low-Level Output Voltage | 


Note: 2. Does not include XOUT. 


Specifications subject to change without notice. _ 


ry SS 


a a A a a a | 
wana a ow CS204 


Detection Amplitude 


Twist 





Notes: 3. Each tone. dBm = decibels above or below a reference power of 1mW into a 600Q load. 
4. Twist = high tone/low tone. 
5. Precise dial tone frequencies of 350Hz + 2% and 440Hz + 2%. 
6. MITEL tape #CM 7290 
7. Bandwidth limited (8kHz) Gaussian noise. 
8. Vin = (Vp - 10V) to Vp 
9. Referenced to lower amplitude tone 
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Tone Time: © 
for detect 
for reject 

-|Pause Time: 
for detect 
for reject 


Output Enable Time (note 10) 
C, = 50 pF, R,=1kohm 

Output Disable Time (note 10) 
C, = 35 pF, R, = 500 Ohms 

Output Rise Time (note 10) 
C, = 50 pF | 

Output Fall Time (note 10) 
C. = 50 pF 


Note: 10. Ri and Cy are parallel impedances. 
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Any Digital Output 


EN 










70% . 
D1, D2, D4, D8 Valid Data 30% 


t oot 
ANALOG IN — ~ pe 


Tone Burst 1 Burst 1 Tone Burst 2 





Di, D2, D4, D8 pata Data 


tsu ~_- 


Figure 1 - Timing Diagram 
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GENERAL DESCRIPTION 


The CS204 is a complete Dual Tone Multifre- 
quency (DTMF) Receiver designed to detect 16 
digits in a 2-of-8 tone selection scheme. This 
part provides all of the necessary filtering and re- 
quires only an external 3.5795 MHz colorburst 
crystal and a resistor to provide a reference 
clock. This device is designed using a high-den- 
sity, low-power CMOS technology and provides 
the best performance at the lowest cost. 


The CS204 has filtering on board to guarantee 
the best signal-to-noise performance possible. 
The DTMF signal is passed through a dial tone 
reject filter to reduce dial tone interference, and 
is then separated into low and high groups 
using two bandsplit filters. The output of each 
bandsplit filter contains frequency components 
from only one DTMF tone group. 


Table 1 - DTMF Dialing Matrix 
Low-Band 


Column 1 | Column 2 | Column3 | Column 4 

1209 Hz 1336 Hz 1477 Hz 1633 Hz 
Row 1 
697 Hz 


Row 2 
770 Hz 
Row 3 
852 Hz 7 
Row 4 
941 Hz 


For a valid DTMF signal to be detected, each 
group must simultaneously contain only one 
valid DTMF tone. Detection of the two tones is 
accomplished with a digital algorithm. The 
sinusoidal filter output waveforms pass through 
a pair of hard limiters. The decoder takes the 
resultant square waves and measures the period. 
This period measurement varies with jitter 
created by any extraneous signals within the sig- 
nal passed to the limiter. The period measure- 
ment is averaged over a number of cycles and 
compared to a range of period measurements 
representing the four expected tones. After two 
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valid tones have been recognized by the decoder, 
the tones are subjected to a detect timing cycle. 
The two tones must remain valid for 20 to 40 ms 
for DV to go high, indicating that a valid digit 
has been decoded. This prevents voices or other 
in-band noise from creating a false trigger. 


After a valid digit is indicated, the timing circuit 
will then enable a timing chain that detects drop- 
outs. If a signal drop of less than 20 ms occurs, it 
will be ignored. This timing prevents false trig- 
gering due to key bounce or other signal inter- 
ruptions. Any drop-out in excess of 40 ms is con- 
sidered a valid release; the receiver is reset (DV 
goes low), and all decoded outputs are cleared 
for the next decode. 


Interfacing to the CS204 


The CS204 has analog and data interfaces. The 
analog interface determines how an analog voice 


_ channel is connected. The data interface is used 


to extract information from the receiver. 


The analog interface consists of only one signal: 


_ ANALOG IN. The ANALOG IN signal can be 
_ either DC-coupled or AC coupled using a 0.01 uF 


capacitor. Care must be taken to not exceed the 


voltage requirements of the pin. On-chip 


capacitor coupling guarantees that the signal is 
properly referenced internally. It is also desirable 
to add a simple RC lowpass filter to bandlimit 
the input to the voice band (100 Hz to 3.4 kHz) 
so that high frequency noise near the 55.9 kHz 
internal sampling frequency 1s not aliased into 
the voice band by the internal switched-capacitor 
filters. | 


0.01pF 
Input soo 


Figure 2 - AC-Coupled Input 
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The data interface is structured as a synchronous 
output. Data is extracted from the receiver by 
using the DV pin as either an output strobe or by 
scanning and externally detecting the positive- 
going edge of DV. Data is considered valid only 
when DV is high. 


Clock Generation 


The CS204 provides two separate means of 
clock generation, internal and external. With in- 
ternal clock generation, a 3.5795 MHz crystal is 
tied between XIN and XOUT, a 1MQ resistor is 
tied in parallel with the crystal to guarantee os- 
cillation, and the XEN signal is tied high ena- 
bling the crystal oscillator. In this mode, the ATB 
pin is a 447.443 kHz clock output which can be 
used to drive up to 10 other CS202, CS203 or 
CS204 devices that are in the external clock 
mode. The external clock mode is obtained by 
tying XIN high and XEN low. In this mode, the 
internal oscillator output is placed in a high im- 
pedance state, and ATB is used to input a 
447.443 kHz clock. | 





Figure 3 - Clock Options 


Power Supply 


The CS204 operates from a 5 volts + 10% power 
supply. As with any circuit that combines analog 
and digital signals, good power supply decou- 
pling is recommended. For best performance, a 
0.1uF non-polarized (mylar, ceramic, etc.) 
capacitor should be tied between Vp and GND. 
Additional low frequency protection can be 


DS7F3 


achieved with a 10uF electrolytic capacitor con- 
nected in parallel with the 0.1.F capacitor. 


Table 2 - Output Codes 





Hexadecimal 
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PIN DESCRIPTIONS a 
~ DATA OUTPUT 2 © D2 DATA OUTPUT 4 
-DATA.OUTPUT 1. ~—séOD DATA OUTPUT 8 
DATA. ENABLE — EN DATA VALID : 
POWER Vp ALTERNATE TIME BASE 
NO CONNECT © N/C CRYSTAL INPUT | 
OSCILLATOR ENABLE XEN CRYSTAL OUTPUT 


_ DTMF INPUT ANALOG IN 





~ GROUND 


Power Supplies 


Vp - Positive Power Supply, PIN 4. 
_ Nominally +5 volts. | 


GND - Ground, PIN 8, 
Most negative power supply pin. Normally connected to sysen ground (0 volts). . 


Oscillator 


XIN - Crystal Input, PIN 10. 
Input pin for the crystal oscillator. One lead of the crystal and its bias resistor are tied to this pin. 


XOUT - Crystal Output, PIN 9. 
Crystal oscillator output pin. One lead of the bias resistor and crystal are tied to this pin. 


XEN - Oscillator Enable, PIN 6. 
Setting XEN to logic 1 puts the device in the internal clock Ts The on chip oscillator is used 
as the clock and the ATB pin is configured to output 447.443 kHz (fosc/8). Setting XEN to logic 
O puts the device in the external clock mode. In the external clock mode, a signal ag to the 
ATB pin is used to clock the device; the internal oscillator is not used. 


ATB - Alternate Time Base, PIN 11. 


In the internal clock mode (XEN=1), ATB will sient a 447, 443 kHz disce (fosc/8). In the 
external clock mode (XEN=0), a 447.433 kHz clock should be input to er ATB pm: | 
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Inputs 
ANALOG IN - DTMF Input, PIN 7. 
Signal channel input. The DTMF tones to be decoded are input into this pin. 


EN - Data Enable, PIN 3. 
Holding EN at logic 1 enables the data outputs. Setting EN to logic 0 causes the data outputs to 
go to a high impedance state. 


Outputs 


D1; D2; D4; D8 - Data Outputs, PINS 2; 1; 14; 13. 
A code corresponding to a decoded DTMF signal is output on these pins in a hexadecimal format. 


DV - Data Valid, PIN 12. 
DV goes to logic 1 when the code corresponding to a valid tone pair is present on the data 
outputs. 

Miscellaneous 

N/C - No Connect, PIN 5. 


Not internally bonded. 
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Features 

Full Receiver Implementation 

Central Office Quality 

Adjustable Receive Sensitvity 
Adjustable Detection and Release Time 
Single Supply Operation 

Low Power Consumption 

18 Pin Package 

Pin Compatible with MT8870B 


General Description 


The CS8870 is a fully integrated DIMF (Dual Tone Mul- 
tifrequency) receiver for decoding tone pairs generated 
by a tone dialing telephone. The decoded signal is out- 
put as a four bit binary code. All of the functions needed 
to decode the 16 DTMF tone pairs are integrated in the 
CS8870 using Crystals CMOS double-poly process, 
taking advantage of the low power and high Berfor- 
mance offered by this technology. 


ORDERING INFORMATION 
CS8870-IP - 18 Pin Plastic DIP 





Block Diagram 
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Crystal Semiconductor Corporation 
P.O. Box 17847, Austin, TX 78760 
(512) 445-7222 FAX: (512) 445-7581 
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ABSOLUTE MAXIMUM RATINGS _ 


Parameter tiéd| Symbol = Min. | Max | 
DC Supply LV gv 
Input Voltage a | 
Input Curent Any Pin * | . 
Power Dissipation ** 
| Ambient Operating Temperature | 
F inbaee tanaaeabsie 


“Transient currents of up to 100mA will not cause latch-up.. 
*“Derate above 75°C at 16 mW/°C; all leads soldered to board. 


WARNING: Operating this device at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 


RECOMMENDED OPERATING CONDITIONS 












— ci [| ae | oe 
re f= [mf | 


3.5759 | 3.5795 | 3.5831 






DC Supply. 
Ambient Operating Temperature 


Crystal Frequency 


* Specifications are subject to change without notice. 


6-24 a — STF3» 


a an a a a 
waa nw CS8870 





ANALOG CHARACTERISTICS (Ta = 25°C; Vpp = 5V; Vss = OV; fc = 3.579545MHz) 


Power Consumption 


Input Impedance, pins 1 & 2 
(note 12) 


Steering Threshold Voltage 


Signal Levels for Valid Input 
(each tone of composite signal) 
(notes 1, 2, 3, 5, 6, 9) 


Twist 
(notes 2,3,6,9,13) 


Frequency Detect Bandwidth 
(notes 2,3,5,9) 


Third Tone Tolerance 
(notes 2,3,4,5,9,10) 


Noise Tolerance 
(notes 2,3,4,5,7,9,10) - 


Dial Tone Tolerance . 
_ (notes 2,3,4,5,8,9,11) 


Clock Output (OSC 2, pin 8) 
Capacitive Load | 





Parameters measured using test circuit shown in Figure 4. 
“Typical figures for design only; not guaranteed and not subject to production testing. 
Notes: 1. dBm referenced to power of 1mW into 600Q load. 
2. Digit sequence consists of all 16 DTMF tones. 
3. Tone duration of 40ms, tone pause of 40ms. 
4. Nominal DTMF frequencies are used. 
5. Both tones of the composite signal have equal amplitudes. 
6. Tone pair is deviated by + 1.5% + 2Hz 
7. Bandwidth limited to 3kHz Gaussian noise. 
8. Precise dial tone frequencies of 350Hz + 2% and 440Hz + 2%. 
9. For error rate of better than 1 in 10,000. 
10. Referenced to lowest frequency component of DTMF signal. 
11. Referenced to minimum valid accept level. 
12. Input frequency of 1kHz. 
13. Twist = high tone/low tone. 
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ANALOG CHARACTERISTICS Gain Setting Amplifier 
(Ta = 25°C; Vop = 5V; Vss = OV; vole referenced to Vss) 






















‘Parameter Symbol 






Input Peshage Current (note 14) 100 


Input Resistance — 10 


mnpul Offset voltae 
Common Mode Rejection (note 15) | CMRR 


Power Supply Rejection (note 16) PSRR 








DC Open Loop Voltage Gain 


| Open Loop Unity Gain Bandwidth 






aN 
O1 


Output Voltage Swing (note 17), 


Tolerable Capacitive Load, GS pin 
Tolerable Resistive Load, GS pin 
Common Mode Range ( (note 18) 


“Typical ieuree for design only; not pienaes and not subject to plocuenen testing. 


100 





ad 


xd, 





Notes: 14. Vss<VIN<Vpp_. 
15. -3.0V < VIN <4+3.0V 
16. At 1kHz 
17. RL = 100kQ to Vss 
18. Unloaded 
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Interdigit Pause Accept* t 

Interdigit Pause Reject* too 

Propagation Delay (St to Q 
(note 19) 


Propagation Delay (St to StD) 
(note 19) 


Output Data Set Up (Q to StD) 


(note 19) 


NO NO : 


>) 







NO 


t PStD 


ee) 


tastp 









Propagation Delay 


ENABLE 
(TOE to Q) DISABLE | t 
(note 20) PTD 


Clock Input Rise Time tLHCL 
Clock Input Fall Time tHLEoL 
Clock Input Duty Cycle DCg 


Parameters measured using test curcuit shown in Figure 4. 
*Typical figures for design only; not guaranteed and not subject to production testing. 
+User adjustable; see General Description on page 30. 


t PTE 






300 


O1 

© 
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—_ © OO; agi * 


oO 
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— 
o) 

oO 
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© 


aa 
© 





Notes: 19. TOE = Vpp 
20. RL = 10kQ, CL = 50pF 
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Digital Inputs — "0" level 


"1" level 


Digital Outputs "0" level 
(note 21) "1" level 


Output Low (Sink) Current 
(note 22) 


Output High (Source) Current 
(note 23) 





*Typical figures for design only; not guaranteed and not subject to production testing. 


Notes: 21. No Load 
22. VouT = 0.4V 
23. VouT = 4.6V 
24. Vin = Vss or Vopb 
25. TOE(pin 10) = 0V 


ATTENUATION, dB 
0 


/ SAY 
x 
4 





10 
20 PRECISE DIAL TONES 

X = 350 Hz 
Y = 440 Hz 

-30 ie | 
PRECISE DTMF TONES 

AO A=697Hz = 1209Hz 
B=770Hz F=1336Hz 
C=852Hz G=1477Hz 

-50 D = 941 Hz H = 1633 Hz 


Frequency, Hz 


Figure | - Filter Characteristics 
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TIMING DIAGRAM 
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EXPLANATION OF EVENTS 
A. Short tone burst is detected, but duration is invalid. E. Tone #n +1 is detected and validated. Decoded to 
B. Tone #n is detected, and duration is valid. outputs. 
Decoded to outputs. F. Three state outputs are enabled. Momentary dropout of 
C. End of tone #n detected and duration is valid. tone #n+ 1 does not register at outputs. 
Outputs remain latched until next valid tone. G. End of tone #n + 1 detected and validated. 


D. Three state outputs are disabled (high impedance). Outputs remain latched until next valid tone. 


DEFINITION OF SYMBOLS 


ESt - EARLY STEERING OUTPUT - Indicates detection of valid DTMF signal. 

St/GT - STEERING INPUT/GUARD TIME OUTPUT - Drives external timing circuit. 

Q1-Q4 - DATA OUTPUTS - Gives code corresponding to decoded tone pair. 

StD - DELAYED STEERING OUTPUT - Indicates that valid signals have been present (or absent) for the required time. 
TOE - TONE OUTPUT ENABLE (Input) - Holding TOE low causes Q1-Q4 to go to high impedance state. _ 


treo - DIMF signal duration too short to be detected as valid. DP - Time to detect presence of valid signal. 
t pec - Minimium signal duration required for valid recognition. tp, - Time to detect absence of valid signal. 
tip - Minimum acceptable time between valid signals. tq Tp - Tone Present Guard Time 
'Do- Maximum allowable dropout of DTMF signal. tata ~ Tone Absent Guard Time. 

—p~ Propagation Delay, Disable — tastp Output Data Setup (Q to StD) 
t57E- Propagation Delay, Enable 'PStD - Propagation Delay (St to StD) 
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GENERAL DESCRIPTION 


The CS8870 is a complete Dual Tone Multifre- 
quency (DTMF) receiver designed to detect all 
16 tone pairs and output a corresponding four bit 
binary code. This device provides all necessary 
filtering and requires a minimum of external 
components. Low power CMOS technology 
provides the highest performance for the lowest 
cost. | 


Filter Section 


The CS8870’s on chip filtering provides excel- 
lent signal-to-noise performance. The DTMF 
signal is separated into high and low groups 
using two six pole, bandpass switched capacitor 
filters. The bandpass filters are elliptical designs 
with notches placed at 350 Hz and 440 Hz for 
exceptional dial tone rejection. The output of 
each bandpass filter contains frequency com- 
ponents from only one DTMF tone group. The 
filter outputs are smoothed and then limited by 
high gain comparators, which have hysteresis to 
reduce sensitivity to unwanted low level signals, 
jitter, and noise. The comparators’ outputs swing 
from rail to rail at the frequencies of the incom- 
ing tones. 


Decoder Section 


The decoder uses a digital detection algorithm to 
determine the frequencies of the two tones. The 
decoder measures the period of the square wave 
output of the comparators. The period measure- 


_ ment is averaged over a number of cycles and _ 


compared to a range of period measurements 
representing the four possible tones in either 
band. This averaging prevents DTMF simulation 
by extraneous signals such as voice, while allow- 
ing small frequency deviations in the signal. The 
averaging algorithm has been optimized to 
provide excellent immunity to "talk-off’ and 
tolerance to the presence of interfering frequen- 
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cies (third tones) and noise. When both bands 
simultaneously decode a valid tone, the Early 
Steering (ESt) output goes high. Should the 
DTMEF signal be lost, the ESt pin will go low. 


Steering Circuit 


The receiver verifies that the duration of a valid 
signal is sufficient before registering a decoded 
tone pair. Tone detection timing is controlled by 
an external resistor and capacitor (see Figure 2). 
After a valid tone is present for tpp (Tone 
Present Detection Time), ESt goes high, and the | 
capacitor discharges through resistor R. The 
voltage on the St/GT pin changes as a function 
of the RC time constant, providing the DTMF 
signal remains valid. When the capacitor voltage 
(and the voltage on St/GT) reaches the Steering 
Threshold Voltage, VTst, the GT output drives 
the capacitor voltage to VDD. At this point, the 
four bit code corresponding to the DTMF signal 
is latched to the outputs. GT remains high as 
long as ESt remains high. After the output 
latches settle, the Delayed Steering Output, StD, 
goes high, indicating that a valid tone pair has 
been registered. The code is made available at 
outputs QI - Q4 by pulling the three state control 
input, TOE, to a logic high. | 


The steering circuit works in reverse to sense the 


interdigit pause between signals. When the 


DTME signal is removed, the capacitor charges. 
When the Steering Threshold Voltage is 


_ reached, GT is pulled to Vss. This circuit also 


Yop 
() 









| Vop 
(arneRe n( a 
SYGT Vo 


4. NeepeRC oe 1 
— igTp=RG in . 
ie Yoo-V ts 


CS8870 


Figure 2 - Basic Steering Circuit 
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enables the receiver to tolerate signal dropouts 
too short to be considered a valid pause. 


Guard Time Adjustment 


The external timing circuitry shown in Figures 2 
and 3, enables the user to adjust the timing to 
meet specific needs. The following formulas, 
along with the formulas given in Figure 2, are 
used to determine the resistor and capacitor 
values. | 


tREC = top + tGTP 
tip = tbpA + tGTA 


tREC is the minimum signal duration accepted by 
the receiver. tpp is the Tone Present Detection 
Time (the time a valid tone must be present 
before ESt goes high). trp is the Interdigit Pause 
Time. tpA is the Tone Absent Detection Time. 
Values for tpp and tba are given in the Switch- 
ing Characteristics Table. Using the configura- 
tion shown in Figure 2, and the recommended 
capacitor value of 0.1uF, a trEc of 40ms is 
achieved by using a 390kQ resistor. 


Different circuit configurations may be used to 
independently select Tone Present Guard Time, 
tcTp, and Tone Absent Guard Time, tGTa, dura- 
tions. Using the equations and circuits shown in 
Figure 3, the designer can meet system specifica- 
tions which place limits on accept and reject 
times for tone and pause durations, and tailor 
system parameters such as "talk-off’ and noise 
immunity. For example, increasing recognition 
time improves talk-off performance (speech im- 
munity) since it reduces the probability that 
tones simulated by speech remain valid long 
enough to register. 


a) Decreasing Tone Present Guard Time, tate (tate < tata) 
2 Vop 
tata = RiC In (Yoo ) 


aa 

C TSt 

SUG tate = ReC In Ee) 
DD-VTst 


Ri Ro Rp = _RiRe 
ESt Ri+Re 


b) Decreasing Tone Absent Guard Time, tata (tatp > tata) 


C 


tata = ReC In ee) 


tate = RiC In(__Voo 
aes P= RiG Inf ee) 
R Ro Rp = RiRe 
Est Ri+Re 


Figure 3 - Steering Circuits for 
Guard Time Adjustment 


Input Configuration 


Input signals to the CS8870 pass through an on- 
chip operational amplifier. A voltage reference, 
VREF, is provided to bias the input near mid- 
supply. Figure 4 shows a single ended input con- 
figuration with the inputs biased at VREF, and 
for unity gain. A differential input configuration 
is Shown in Figure 5. The feedback resistor, R5, 
connected to the op-amp output, GS, can be used 
to control the gain. 


All capacitors are + 5% tolerance. 
All resistors are + 1% tolerance. 





Figure 4 - Single Ended Input Configuration 





DS1F3 


6-31, 





4 Em EE aD 4 aa i 
7 EEG @ 7 AHH 
SD EE GD a ff fi ay 









C1 =C2=0.01pF . 
Ri = R4 = Rs = 100kQ 





Re = 60kQ 
R3 = 37.5kQ 
R2Rs5 
Re = 
°* Ro + Re 
Voltage Gain (Av diff) = a 
2 
Input Impedance (Zin diff) =2VR1+(—_) 


oC 


Figure 5 - Differential Input Configuration 


Crystal Oscillator 


An external 3.579545 MHz (TV colorburst) 
crystal must be connected across pins OSC1 and 


OSC2 to complete the internal clock circuit. Up 


to ten CS8870s may be driven by one crystal by 
connecting the oscillator output, OSC2, with the 
oscillator input, OSC1, of another device 
through a 30pf capacitor. Refer to Figure 6. 


Logic high on TOE enables the data output pins 
to output code for the last valid DTMF signal 
received. Q1 is the LSB. These outputs go to a 
high impedance state when TOE is low. See the 
Functional Decode table, Table 1. 
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- Table 1 - Functional Decoding 
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Figure 6 - Oscillator Interconnection 
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GROUND 


CS8870 
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Figure 7. Power Supply Decoupling 
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PIN DESCRIPTIONS 


NON-INVERTING INPUT POSITIVE POWER SUPPLY 
INVERTING INPUT STEERING INPUT/GUARD TIME OUTP 
GAIN SELECT EARLY STEERING INPUT 

VOLTAGE REFERENCE DELAYED STEERING OUTPUT 
INTERNAL CONNECTIONS DATA OUTPUT 
DATA OUTPUT 
OSCILLATOR INPUT DATA OUTPUT 
OSCILLATOR OUTPUT DATA OUTPUT 


NEGATIVE POWER SUPPLY THREE STATE OUTPUT ENABLE 





*“Connect to Vss 


Power Supplies 


VDD - Positive Power Supply Input, PIN 18. 
Normally connected to +5 volts. A 0.01pF to 0.1uF ceramic capacitor should be connected as 
close to the device as possible across Vpp and Vss. (See Figure 7). 


VSS - Negative Power Supply Input, PIN 9. 
Normally connected to 0 volts. | 7 





Oscillator 


OSC1; OSC2 - Oscillator Input, PIN 7; Oscillator Output, PIN 8. 
A 3.579545 MHz crystal connected across these pins completes the internal clock circuit. 


Inputs 


St/GT - Steering Input/Guard Time Output, PIN 17. 
When the voltage on this pin rises past the Steering Threshold Voltage, VTst, the device registers 
the detected tone pair, updates the output latch, and drives this pin to a logic high. When the 
voltage on this pin falls below VTst, this pin goes to a logic low, freeing the device to accept a 
new tone pair. The Guard Time Output’s function is to reset the external steering time constant. 
The state of GT is a function of ESt and St. 


IN+ - Non-Inverting Input, PIN 1. 
Non-inverting input to the front end operational amplifier. 


IN- - Inverting Input, PIN 2. 
Inverting input to the front end operational amplifier. 


DS1F3 6-33. 
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TOE - Three State Output Enable, PIN 10. 
Logic high on this pin enables outputs Q1 - Q4. Internal pull up. 


Outputs 


GS - Gain Select, PIN 3.. : 
Connected. to the output a the front end operational amplifier Gain applied to the input can be 
controlled by a feedback resistor at this 6 pit, pt. 


VREF - Voltage Referee. PIN 4, 
Voltage on this pin is none 2.9: VDC independent of pve Supply» and may be used to bias 
inputs at Due suED | 


Ql, Q2, Q3, Q4- Data Outputs PINS 11, 12, 13, 14. 
Logic high on TOE enables pins to output code for last valid DTMF signal received. Q1 is the 
LSB. These outputs go to a high impedance state when TOE is low. See Functional Decode 
Table. 


StD - Delayed Steering Output, PIN 15. | 

- Outputs a logic high when voltage on St/GT exceeds VTs¢ and the output latch has heen updated 

with code from the rereNee tone epau StD pore toa logic low when voltage « on St/GT falls below 
_VTst. ae es ob . 


ESt - Early Steering Output, PIN 16. 
Goes to a logic high whenever the detection algorithm detécts a valid tone pair. pny loss of a 
valid DTMF signal causes the output to go to a logic low | 


IC, IC - Internal Connection, PINS 5, 6. 
Both pins must be tied to Vss.__ 
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DATA ACQUISITION: 


TELECOM: 


DATACOM: 


SUPPORT IC’s: 
MISCELLANEOUS: 








GENERAL INFORMATION 





DATA ACQUISITION PRODUCTS 


Analog-to-Digital Converters 
Digital-to-Anaiog Converters © 
Track and Hold Amplifiers 
Filters | — 
Voltage References oo, 
AES/EBU Transmitter/Receiver 





T1/PCM-30 
Analog Line Interfaces 
T1 Framers 
Quartz Crystals 
T3/E3/SONET ANALOG RECEIVERS | 
JITTER ATTENUATORS | 


DTMF RECEIVERS | _ 
ETHERNET/CHEAPERNETIC’s 


FIBER OPTIC TRANSCEIVERS 


Up to 256 kHz Rate/RS232/ISDN 
Up to 2.048 MHz Rate/T1/PCM-30 
LED’s 


POWER MONITOR 
EVALUATION BOARDS 
APPLICATION NOTES 


APPENDICES 


Reliability Calculation Methods 
Package Mechanical Drawings 


SALES OFFICES 














T-1 


Fat ig | ETHERNET/CHEAPERNET IC’s 


pala race tnt ala lara al eT els nlalegaelederads aac calnt ele lalal el el alel ele lepese rere leialelalelelepenttrtntatstatattatetatatetetatatatatateretetetetelaretatitetatetetysstntetteteteterassrerniuietetatatetetutstatetncrratesptenetatsiereratstatcnatatotatale¢ntatwrnsaseteratntera svareralssenverrterarstanersyararaveceteltterecorarnrernsnseserornrerererstyryeseraspemrer rerereTanastrers syarerereceyarenwre rene rene nene rege nmnenere A rraAenrnneneeasenereemneneeeneseteteaeseeere te atemeeerstis rameerereemetensweses 





INTRODUCTION 





A complete Ethernet/Cheapernet hardware solution is offered by Crystal. The CS8005 is a sophisticated 


Advanced Ethermet Data Link Controller, which connects to the CS8023A Manchester Code Converter. 
Connection to the co-ax cable is achieved by the CS83C92C transceiver. 


The CS8005 is a high-performance 16-bit Ethernet controller. The CS8005 uses a large dedicated local 
buffer memory, which off-loads the host CPU and CPU backplane. This local memory, along with a 
comprehensive command set, allows Ethernet capability to be added with minimal host CPU impact. 


The CS8023A Manchester Code Converter is implemented in low-power CMOS, and requires only a 
single 5 V supply. The CS8023A is implemented in a high-voltage process allowing it to tolerate 16 V 
fault conditions as required by Ethernet. 


Crystal is the first company to bring the benefits of low-power CMOS technology to Ethernet/Cheapernet 
transceivers. The CS83C92C uses up to 40% less power than the DP8392A and DP8392B. This trans- 
lates into increased reliability, and compatibility with surface mount technology. The CS83C92C is also 
the first Ethernet transceiver which is fully compliant with ISO/IEEE 802.3. 


CONTENTS 


CS8005 Ethernet Data Link Controller 7-3 
CS8023A Manchester Code Converter 7-53 
CS83C92C Ethernet Transceiver | 7-69 
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Advanced Ethernet Data Link Controller 





Features 


High Throughput 
- Supports Full 10M BPS Data Rate 
- Back-to-Back Packets 


64 K-Byte Local Packet Buffer 
- Provides refresh for DRAMs 
- Off-loads host bus 


Conforms to ISO/ISEE 802.3 Standard 


Flexible Bus Interface 
- Intel and Motorola bus modes 
- |/O, string move, DMA access 
- Memory or I/O mapped 
- 8 or 16 bit bus width 


Recognizes One to Six Receive 
Addresses, Specific, Multicast or 
Broadcast 


Advanced Error Correction and 
Handling | | 
- Automatic re-transmit after a 
collision 


- Automatically discards bad packets 


General Description 


The CS8005 has five major blocks: the Transmitter, 
Receiver, Buffer Controller, Bus Interface and Status 
and Command Register. 


The CS8005 supports the link layer (layer. 2) of the 
IEEE 802.3 standard. It performs’ -serializa- 
tion/deserialization, preamble generation/stripping, CRC 
generation/stripping, transmission deferral, collision 
handling and address recognition of up to 6 station ad- 
dresses including multicast/broadcast addresses. 


The Buffer Controller manages a 64K byte local packet 
buffer. This block provides arbitration and control for 
four memory ports: the transmitter, the receiver, the bus 
interface and an internal DRAM refresh generator. 
Received packets are temporarily stored until the sys- 
tem either reads or disposes of them, and packets 
placed there by the system are held for transmission 
over the link. 


The Bus Interface interfaces to the system bus and 
provides access to internal configuration and status 
registers, the local packet buffer and a control signal in- 
terface to permit DMA or programmed 1|/O transfer of. 
Packet data. The data path between the system bus 
and the local DRAM buffer is buffered by a 16 byte 
FIFO called DMA FIFO. This permits high speed data 
transfers to occur even when the Buffer Controller is 
busy servicing the Transmitter or Receiver or refreshing 
the DRAM. a , 
ORDERING INFORMATION: 
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Absolute Maximum Ratings* Recommended Operating Conditions 

Parameter tee Ste 3 / Min. | Max. | Units | | Vec Supply Voltage sj 

Temperature: Storage | -65. 150 | °C | ~~ | AmbientTemperature = |— 0°C to 70°C | 
Under Bias | -10 | +80 |; °C | 


All Inputs and Outputs with - ff 
RespecttoVss | +6 03 |. V 


*Note: Operation at or beyond these limits may cause — 
- permanent damage to the device. Normal op- 
eration is not guaranteed at these extremes. 



















DC Operating Characteristics (Ta=0 °C to 70 °C; Vec=+5V +5%; unless otherwise specified) 


[Parameter «Symbol [Min | Max 


Input/Output Leakage —. Vin=Voc © tie 













Active Icc Current at Ta = oC 
CS = Vi_L, Outputs Open Ta = 0°C 


Active Icc Current at Ta = 70°C 
CS = ViL, Outputs Open Ta = 70°C 


Input Low Voltage is ss | | Vit -0.3 

(except TXC, RXC, CLK) __. a | | 

Input Low Voltage ere * | 
(TXC, RXC, CLK) 
‘Input High Voltage 
(except TXC, RXC, CLK) 









Input High Voltage 
(TXC, RXC, CLK) 


Output Low Voltage ) lot =2.1mA Vout 

(except ADO-7) | 

Output Low Voltage | lot = 200 pA VoL2 | 0.40 
(ADO-7) _ =, 

Output High Voltage loH = -400 pA VOH1- 2.4 

(except ADO-7) | : | 


Output High Voltage —.  foH = -200 pA VoH2 | 2.4 
(ADO-7) 7 | 





<< 
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A. C. Test Conditions 


Output Load: Input Rise and Fall Times (TXC, RXC, CLK): 
ADO-AD7, I(load)= +200 pA 5 ns maximum 
C(load) = 50 pF Input Pulse Levels: 0.45 V to 2.4 V 
All Other Outputs: 1 TTL Gate and C(load) = 100 pF Timing Measurement Reference Level: 
Input Rise and Fall Times (except TXC, RXC, CLK): Inputs: 1V and 2V 
10 ns maximum Outputs: 0.8V and 2V 


Capacitance (See Note 1; Ta = 25 °C, F = 1 MHz) 


Input Capacitance 





Output Capacitance 


Note: 1. This parameter is measured only for the initial qualification and after process or design changes which 
may affect capacitance. : 


Electrostatic Discharge Characteristics 


Symi 


E.S.D. Tolerance — Mil-STD 883 VZAP 
(Note 2) Meth. 3015 





Notes: 2. Characterized not tested 
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A. C Characteristics (CLK=20MHz; Ta = 0°C to 70°C; Vcc = 5V+5%:; unless otherwise specified) 
Table A. Bus Write Cycle — BUSMODE = 0 — 


_., Parameter. — _ Symbol 
| 4 | Address Setup Time 7 30 




































Ret. # | Min, | Max. 
i | x | 
[4 [DataSeupTime ——=S*~dtCtws S| 
[5 [DataHotime ——=SSS~S~*dtCt oS 
6 [DTACK Assorion Delay Noto 3)| toon | sd —S« 
[7 |BTACK Deasserion Delay =| toss | Si; 
[8 [OTACKHiZ Delay ———SSSS~S~*~:Ctoe~S«dSSC*dYCSC 
eo [AddressHolsTime ——=SsS*~*~*~Ctaxk~SS«dYSY 
12 | Write Recovery Time: Swe 7 {CSHDTL 
a. FIFO DataWrite —_-. . & (Note 5) | 
b. Configuration Regs (Notes 5,6) 









c. Pointer Regs. (Note 7) 


14 


Za EN Deassert Delay | _ tCSHENH. 
CS Assert to DTACK Valid ra accu 


Notes: 3. The trailing edge of CS initiates an internal write sequence. Should another CS occur during this time, - 
| the assertion of DTACK will be delayed until the internal write sequence has finished. 
4. After changing the Buffer Code (Config. Reg. #1 bits 0-3) Ref. #11 must be increased to 800ns before 
a Buffer Window access is done in order to allow time for the new Buffer Code to propagate internally. 
5. Write Recovery Time is for 16 bit writes. If BUSSIZE = 0 (8bit writes), subtract 200 ns. 
6. Configuration Registers are: Command/Status register, Configuration Register #1 &2, Interrupt Vector 
Register, and Station Address Registers. : 
(Ref. #12, TCSHDTL). | 
. Pointer Registers are: Receive End Area Pointer, Receive Pointer Register, Transmit Pointer Register 
Transmit End Area Register, and DMA register. If BUSSIZE = 0, subtract 600 ns. 











N 


* The 200 ns minimum time applies to reads(writes) to(from) the same register. If the current register 
being written or read differs from the preceeding register, CS must be high for at least 350 ns. 


Specifications are subject to change without notice. 
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Figure A. Bus Write Cycle Timing Diagram — BUSMODE = 0 
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A. C. Characteristics (Continued) 
Table B. Bus Read Cycle — BUSMODE = 0 


Symbol 
1 









Address Setup Time 
R/W Setup Time 


Lae 
a 
Time from DTACK Asserted to Data Valid 
Cs [esas war eo] 
6 [OTAGK Deaseron Dey cot 
ee 
10 W 
12 
13 


3 DTACK Assert Delay 






a. FIFO Data” | (Note 8) 
b. Configuration Regs. (Note 9) 


c. Other Pointer Regs. (Note 10) 








30 
30 
00 








Te [ata HoldTime dtc 
[40 |AWHoWTine ——SSS~*dSC 
Tia [eStigntineSSSS~*d Cece 
[1a |APEN Assen Osay Sd testa 


EN Deassert Delay 


CS Assert to DTACK Valid 


Notes: 8. The Bus Interface prefetches one word (byte) of FIFO data. Thus, data is generally available 

immediately and DTACK will assert within 50 ns. Following the read, the Bus Interface will fetch 
the next word (byte) of data. Should another data read occur before the Bus Interface has completed 
the prefetch, DTACK will be delayed until the prefetch is completed. The assert delay in this case is 
650 ns max (450 ns in 8 bit mode). 

9. Configuration Registers are: Command/Status Register, Configuration Register # 1 & 2, Interrupt 
Vector Register, DMA Pointer Register, and Station Address Registers. If BUSSIZE = 0 (8 bit reads), 
subtract 200 ns. | 

10. Pointer Registers are: Receive End Area Pointer, Receive Pointer Register, Transmit Pointer Register, 

and Transmit End Area Register. If BUSSIZE = 0, subtract 600 ns. 





* The 200 ns minimum time applies to reads(writes) to(from) the same register. If the current register 
being written or read differs from the preceeding register, CS must be high for at least 350 ns. 
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Figure B. Bus Read Cycle Timing Diagram — BUSMODE = 0 
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A. C. Characteristics (Continued) 
Table C. Interrupt Cycle — BUSMODE = 0 


Time from DTACK Assert to Data Valid 


DTACK Assert Delay = 
Data Hold from IACK Deassert 
4. | Data Hi-Z from TACK Deassert 
| DTACK Deassert Delay tlAHDTH 
7 [RWSetupTime 


| 8 | R/WHold Time from [ACK ee 
| 10 | EN Deassert Delay _ a 
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Figure C. Interrupt Cycle Timing Diagram — BUSMODE = 0 - 
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A. C Characteristics (Continued) | 
Table D. DMA Read Cycle — BUSMODE = 0 


z 











oO 
© 


100 





ret 
a 
Te [DREGDey Nato) ow 


175 
100 





DTACK Assertion Delay (Note 14) 


DREQ Delay After End of DMA Burst (Note 13) 
DTACK Deassertion Delay | 








DACK Assert to DTACK Valid 


NOTE: 11. DACK must be asserted until DTACK is asserted and for a minimum of 100 ns. 

12. DACK and TERMCT must both be active at the same time and for a minimum of 125 ns. The 
de-assertion of DREQ is timed from the last one to assert. 

13. Ref. #10 toALDRH applies for normal DMA burst terminations — not those due to TERMCT. 

14. This delay applies only if the 8005 is "ready" when DACK is asserted i.e. the first read of a burst, 
or a read that occurs after the Ref. #17 tpaLDTL2 period has elapsed. 

15. The BIU pre-fetches FIFO data. Thus, data is available immediately for the first read of any burst. 
Once the BIU detects a read operation, it begins fetching the next byte or word of data. This occurs 
during the Ref. #17 toALDTL2 period. If a subsequent DACK occurs within the Ref. #17 tpaLpTL2 
period, DTACK will stay de-asserted until the FIFO data has been fetched. If the subsequent DACK 
does not occur until after the Ref. #17 toALDTL2 period has elapsed, then the 8005 is "ready" and 
Ref. #11 tpALoTL1 applies. ? 

16. Subtract 200 ns if BUSSIZE = 0 (8 bit mode). 


oO 
© 








800 























* The 200 ns minimum time applies to reads(writes) to(from) the same register. If the current register 
being written or read differs from the preceeding register, DACK must be high for at least 350 ns. 





All the timing in this table also appies when reading data with programmed /O; CS replaces DACK and the DREQ 
and TERMCT signals do not apply. AO-A3 setup times are the same as R/W. 


712. = | | DS64PP1~ 





Dp 66 0 ED a a i 
ana a eae CS8005 





DREQ \ 


DACK 


DO - D15 


TERMCT 





DTAGK. HI-Z HI-Z HI-Z 
@ —f 





Figure D. DMA Read Cycle Timing Diagram — BUSMODE=0 | 
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A. C. Characteristics (Continued) 
Table E. DMA Write eee — BUSMODE = 0 


| Ref. # | Parameter 
Pt [RiiSeupTine | a 
2] RGK Pie With 7 tonoa 
Ta Ya Sete time mn 
aoa Htine te 
3 foncgn Ting te 
a” TERMGT Ascened Wile RGR Assoed | waren 
TTT Hodtine i 
a |oREG Dea | rm 
fone ny reso Re [aon 
DTACK Deassertion Delay 





Notes: 17. DACK must be asserted until DTACK is asserted and for a minimum of 100 ns. 
18. DACK and TERMCT must both be active at the same time and for a minimum of 125 ns. 
The de-assertion of DREQ is timed from the last one to assert. 
19. Ref. #9 tpALDRH applies for normal DMA burst terminations — not ‘Hoes due to TERMCT. 
20. This delay applies only if the 8005 is "ready" when DACK is asserted i.e. the first write of a burst, 
_ Or awrite that occurs after Ref. # 16 tpaHDTL period has elapsed. 

21. The trailing edge of DACK initiates an internal write sequence that lasts a maximum of 800 ns in 
16 bit mode. Should another DACK occur during this period, DIACK will remain de-asserted until 
Ref. #16 tpaHDTL period has elapsed. If the subsequent DACK does not occur until after the 
internal write sequence has ended, then the 8005 is "ready" and Ref. # 10 toaLpTL applies. 

22. Subtract 200 ns when BUSSIZE = 0 (8 bit mode). 




















* The 200 ns minimum time applies to reads(writes) to(from) the same register. If the current register 
being written or read differs from the preceeding register, DACK must be high for at least 350 ns. 


All the timing in this table also applies when writing data with programmed I/O; CS replaces DACK and the DREQ, 
TERMCT signals do not apply. AO-A3 times are the same as R/W. 
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Figure E. DMA Write Cycle Timing Diagram — BUSMODE = 0 
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A. C. Characteristics (Continued) 
| Table F. Bus Write Cycle —- BUSMODE = 1 


Ret#| Parameter ——SSSSS*| Symbol Min [Max 
[1 [Address Soup Time ———SSCS~sdie Sm 
[2 [esseuptme ——SOS*~S~Ss cme «dm 
[2 [TowPuse wan —SSS~S~sdi to 
[4 [DataSeuptime ———SSSSS~*sditm | 
Ts [Datavoatime i 

oe } 
<e 
= 






READY Deassert Delay _ 
7 | CS Asserted to READY Valid (Note 23) 






READY Delay to HiZ | toswave | 
| 11 |IOWHigh Time (Note 24) | twuwe | 200" | 












12 | Write Recovery Time: tWHRYH 
a. FIFO Data Write (Note 24). 
b. Configuration Regs. - _. (Notes 25, 26) | ues 
c. Pointer Registers. | (Note 27) | 
EN Assert Delay oe _ tCSLENL 
EN Deassert Delay » | 38 tCSHENH © 


Notes: 23. The trailing edge of IOW initiates an internal write sequence. Should another IOW occur during this 

sequence, READY de-asserts (Ref. # 6 twLryi) and then asserts after the internal write sequence 
has finished (Ref. #12 twHryu). If the subsequent JOW does not occur until after the internal write 
sequence has ended, then Ref. # 6 tw_ry_ has no meaning since READY does not de-assert under 
this condition. ; 

24. After changing the Buffer Code (Config. Reg. #1 bits 0-3), Ref. #11 must be increased to 800 ns 
before a Buffer Window access is done in order to allow time for the new Buffer Code to 
propagate internally. | 

25. Recovery time is for 16 bit writes. If BUSSIZE = 0 (8 bit writes), subtract 200 ns. 

26. Configuration Registers are: Command/Status Register, Configuration Register #1, & 2, Interrupt 
Vector Register, and Station Address Registers. 

27. Pointer Registers are: Receive End Area Pointer, Receive Pointer Register, Transmit Pointer Register, 
Transmit End Area Register, and DMA Register. If BUSSIZE = 0, subtract 600 ns. 





* The 200 ns minimum time applies to reads(writes) to(from) the same register. If the current register 
being written or read differs from the preceeding register, [OW must be high for at least 350 ns. 
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Figure F. Bus Write Cycle Timing Diagram — BUSMODE = 1 
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A. Cc. Characterisitcs (Continued) 
Table G. Bus Read Cycle — BUSMODE = 1 


| Ref. # | Parameter 
PS ae, 
a 
a 


READY Assert Delay tRLRYH 
: a. FIFO Data | (Note 28) 

b. Configuration Regs. (Note 29) 

c. Pointer Registers. (Note 30) 


READY Deassertion Delay 
READY Assert to Data Valid 


a 
Lge 
| 6 READY mais to Hi-Z 
eft 
8 
Paes 
| to [cs 



















1800 


© ow 
oO 
TT 


oY) 
o1 






Data Delay to Hi-Z 
Address Hold Time 
CS Hold Time 


1 [TOR Puce wit 


9 [prose onby ms 


Notes:28. The Bus Interface prefetches one word (byte) of FIFO data. Thus, data is generally available 
immediately and READY will not de-assert during a data read. Following the read, the Bus Interface 
will fetch the next word (byte) of data. Should another data read occur before the Bus Interface has 
completed the prefetch, READY will first de-assert and then assert after the prefetch is completed. 
The assert delay in this case is 800 ns max (600 ns in 8 bit mode). 

29. Configuration Registers are: Command/Status Register, Configuration Register # 1, & 2, Interrupt 
Vector Register, DMA Pointer Register, and Station Address Registers. If BUSSIZE = 0 
(8 bit reads), subtract 200 ns. 

30. Pointer Registers are: Receive End Area Pointer, Receive Pointer Register, Transmit Pointer Register, 
and Transmit End Area Register. If BUSSIZE = 0, subtract 600 ns. 
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* The 200 ns minimum time applies to reads(writes) to(from) the same register. If the current register 
being written or read differs from the preceeding register, |OR must be high for at least 350 ns. 
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Figure G. Bus Read Cycle Timing Diagram — BUSMODE = 1 
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A. C. Characteristics (continued) 
| --- Table H. Interrupt Cycle — BUSMODE = 1 
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Figure H. Interrupt Cycle Timing Diagram — BUSMODE = 1 
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A. C. Characteristics (Continued) 
Table I. DMA Write Cycle — BUSMODE = 1 


et#[ ‘Parameter === Symbol inn 
[+ [BACK SeupTime ——SSSCS~*~*~rC eS 
[2 Jiow puse wah Sate 1) | tan ‘| 100 
[e[ata seuptine —SSSSSSC*d toms «SO 
[4 [DataHoTime —SSS~*wdCto Sd 
5 [Tow rign 200" 
Te [15 
ze nae 
<a 






( 
[OWHighTime = 
TERMCT Asserted While DACK Asserted 


1 30 
100 
3 70 
4 
5 
125 
7 | DREQ Delay from TERMCT (Note 32) 175 
DREQ Delay from OW (Note33) | twoRL | 
[back HodTine | 
Write Recovery Time | = ~ (Note 35) | twHRYH 
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Notes: 31. IOW must be asserted until READY is asserted and for a minimum of 100 ns. | 

32. DACK and TERMCT must both be asserted at the same time and for a minimum of 125 ns. 
The de-assertion of DREQ is timed from the last one to assert. 

33. Ref. #8 twLDAL applies for normal DMA burst terminations — not those due to TERMCT. 

34. The trailing edge of |OW initiates an internal write sequence that lasts a maximum of 800 ns in 16 bit 
mode. Should another lOW occur during this period, READY de-asserts (Ref. #12 twLryL) and then 
asserts after the internal write sequence has finished (Ref. #13 twHRYH). If the subsequent IOW 

does not occur until after the internal write sequence has ended, then Ref. #12 tw_ryi has no 
meaning since READY does not de-assert under this condition. 

35. Subtract 200 ns when BUSSIZE = 0 (8 bit mode). 


* The 200 ns minimum time applies to reads(writes) to(from) the same register. If the current register 
being written or read differs from the preceeding register, OW must be high for at least 350 ns. 


All the timing in this table also applies when writing data with programmed I/O; CS replaces DACK and the DREQ, 
TERMCT signals do not apply. AO-A3 times are the same as CS. 
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Figure I. DMA Write Cycle Timing Diagram — BUSMODE = 1 
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A. C. Characteristics (Continued) 
Table J. DMA Read Cycle — BUSMODE = 1 


Symbol [__ Min. 
Ve | DACK Setup Tlme tDALRL 
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| 6 |TERMCT. Asserted While DACK Asserted tTCHTCL 

DREQ Delay fromTERMCT —(Note37) || trope «=| ti‘iLSOCTS 
0 
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EN Deassert Delay | | | tDAHENH Peel 
se 


Fag. READY Deassert Delay: | (Note 39 


1 
3 
: es 


DREQ Delay from |OR (Note 38) tRLDRL 





| 


tRLRYL 


1 
| 16 | DACK Assert to READY Valid ~ tDALRYV 


Notes: 36. IOR must be asserted until READY is asserted and for a minimum of 100 ns. | 

37. DACK and TERMCT must be asserted at the same time and for a minimum of 125 ns. The 
de-assertion of DREQ is timed from the last one to assert. 

38. Ref. #8 ta-DRL applies for normal DMA burst terminations — not those due to TERMCT. 

39. The Bus Interface pre-fetches FIFO data. Thus, data is available immediately for the first read of any 
burst. Once the Bus Interface detects a read operation, it begins fetching the next byte or word of data. 
This occurs during the Ref. #14 taLRYH period. If a subsequent IOR occurs within the Ref. #14 tRLRYH 

_ period, READY will de-assert (Ref. #13 tRLRYL) and then assert after the FIFO data has been fetched. 
If the subsequent IOR does not begin until Ref. #14 has ended, then Ref. #13 has no meaning since 
READY does not de-assert under this condition. = 
40. Subtract 200 ns if BUSSIZE = 0 (8 bit mode). 





* The 200 ns minimum time applies to reads(writes) to(from) the same register. If the current register 


being written or read differs from the preceeding register, OR must be high for at least 350 ns. 


All the timing in this table also applies when reading data with programmed I/O: CS replaces DACK and the 
DREQ, TERMCT signals do not apply. A0-A3 times are the same as CS. 
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Figure J. DMA Read Cycle Timing Diagram — BUSMODE = 1 
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A. C. Characteristics (Continued) 
Table K. Local Buffer Read or Write Cycle 


Rete [Parameter ———=—S—=|_Symbol 
Row Address Hold Time _ 100 
Lae a Row Address Setup Time — 
RAS Pulse Width High 
Column Address Hold Time 
f 5 Column Address Setup Time 10 
110 

| 70 













eGR Pie wean Hin esos 
| 8 | Address Hi-ZtoGLowTime 
eC a Ce 
G to Data Valid : | 
Data Hi-Z fromCAS Deassert 


13 Read or Write Cycle Time tAVAV 
| | | | | 600 
200 


a. Single Cycle 

b. Page Mode ta | 
RAS Cycle Time _ tRSLRSL 
Note: TMS 4464-10, -12 or equivalent satisfies the above timing. 
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Figure K1. Local Dram Buffer Page-Mode Read and Write Cycle Timing Diagram 
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Figure K2. Local Dram Buffer Single Cycle Read and Write Cycle Timing Diagram 
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A. C. Characteristics (Continued) | | 
Table L. Local Buffer Refresh Cycle 


Ref.#| = ——sséParameter— sid Parameter | Symbol | am Min, | 
| 2 | Address Hold Time from RAS | trsux | 100 
200 
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Figure L. Local Dram Buffer Refresh Cycle Timing Diagram 
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A. C. Characteristics (Continued) 
Table M. Serial Interface Timing 


[Rake [Parameter Symbol [Win [Mam | Un 
Pt [REARS Gyaetme tetas | 100 
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Figure M. Serial Transmit & Receive Interface Timing 
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A. C. Characteristics (Continued) oe | 
Table N. Master Clock:and Reset Timing 
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Figure N. Master Clock and Reset Timing 
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Block Diagram Description 


The CS8005 has three major blocks: the AEDLC 
Advanced Ethernet Data Link Controller, Buffer 
Controller and Bus Interface. 


The CS8005 supports the link layer (layer 2) of 
the IEEE 802.3 standard. It performs serializa- 
tion/deserialization, preamble generation/strip- 
ping, CRC generation/stripping, transmission 
deferral, collision handling and address recogni- 
tion of up to 6 receive addresses as well as multi- 


2-9, 61-68 
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IACK BUS 
EN INTERFACE 
INT (INT) 

DREQ (DREQ) 









DACK INT BUS 


TERMCT (TERMCT) 


16 | 17] 18111) 13/14 








DATA BUS 


cast/broadcast addresses. CTRLO and LPBK are 
general purpose outputs that can be used to con- 
trol, for example, the loopback function of the 
CS8023A Manchester Code Converter. For non- 
IEEE 802.3 applications such as serial backplane 
buses, support is also provided for 2 byte address 
recognition, reduced slot time and reduced 
preamble length. 


The Buffer Controller provides management for a 
64K byte local packet buffer consisting of two 
64K x 4 dynamic RAMS. This block provides ar- 
bitration and control for four different memory 


BUFFER 


CONTROLLER 


24 


30-34, 36-38 





Figure 1. CS8005 Block Diagram 
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Figure 2. CS8005 Interconnection Diagram 
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ports: the CS8005 Transmitter, for network trans- 
mit packets; the CS8005 Receiver, for received 
frames; the Bus Interface, for system data and 
control; and an internal DRAM refresh generator. 
To minimize pin count, dynamic RAM addresses 
and data are time multiplexed on a single 8 bit 
bus. A control line and an 8 bit address is also 
provided to permit reading from a locally at- 
tached EEPROM or PROM. This permits con- 
figuring a P.C. board with its receive address(es) 
and configuration data independent of the net- 
work layer software used. 


The Buffer Controller interfaces to the system bus 
and provides access to internal configura- 
tion/status registers, the local packet buffer and a 
control signal interface to permit DMA or 
programmed I/O transfer of packet data. The data 
path between the system bus and the local DRAM 
buffer is buffered by a 16 byte FIFO called DMA 
FIFO. This permits high speed data transfers to 
occur even when the Buffer Controller is busy 
servicing the Transmitter or Receiver or refresh- 
ing the DRAM. Both 8 and 16 bit transfers are 
supported, and byte ordering on a 16 bit bus is 
under software control. The CS8005 supports 
both Intel-compatible and Motorola-compatible 
buses. 


The CS8005 Interconnect Diagram 


The interconnect diagram shows the CS8005 in a 
typical system configuration, connecting to the 
LAN via an CS8023A Manchester Code Con- 
verter. The Attachment Unit Interface connects to 
an Ethernet (LOBASES); Cheapernet (LOBASE2); 
or a twisted pair (LOBASE-T) network. 


Separate TMS 4464-120 64K DRAMSs store 
received packets, or packets waiting for transmis- 
sion. ADO -AD7 address both RAMs. Data is 
exchanged on the AD leads, DQO - DQ3 to one 
RAM, and DQ4 - DQ7 to the other RAM. The 
System Bus exchanges data with the Buffer Con- 
troller in the CS8005. Two bi-directional data 
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buffers (74LS45) interface 16-bit data, only one 
buffer is used for 8-bit data. The 2804 PROM 
stores the node address. The CS8005 has six 6- 
byte address fields. 3 


Buffer Management 


The Buffer Controller manages a 64K byte packet 
buffer into which packets that are received are 
temporarily stored until the system either reads or 
disposes of them and packets placed there by the 
system are held for transmission over the link. 
The buffer is logically divided into separate 
receive and transmit areas of selectable size. The 
transmit area always originates at address 0. 
Each packet in the buffer is prefixed by a header 
of 4 bytes that contains command and status in- 
formation and a 16 bit pointer to the start of the 
next packet in the buffer. 


To transmit packets, the system loads one or more 
packets of data, complete with header informa- 
tion, into the transmit area of the buffer and com- 
mands the CS8005 to begin transmission, starting 
from the address contained in the Transmit 
Pointer. When transmission is complete, the 
CS8005 updates the status byte in the header and 
interrupts the system if so programmed. The 
Transmit Pointer automatically wraps to location 
0 when the Transmit Buffer Limit (TBL) is 
reached. 


The Buffer Controller manages the buffer area as 
a circular buffer with automatic wraparound. As 
data is received from the CS8005 it is stored in 
the buffer beginning at the location specified by 
the Receive Pointer. The Receive Pointer will 
wrap from FF,FF to Transmit Buffer 
Limit + 1,00. For example, if TBL = 80 the 
Receive Pointer wraps to 81,00. If the Receive 
Pointer reaches Write Protect Pointer (WPP),00 
an overflow has occurred. The Receiver is turned 
off and an interrupt is issued. Restarting the 
Receiver is accomplished by freeing up buffer 
space and turning the Receiver back on. 
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Transmit Packet Format 


Each Packet to be transmitted consists of a four 
_ byte header and up to 65,532 bytes of data which 
are placed into the local buffer via the Bus Inter- 
face. The header contains the following informa- 
tion in the indicated order: 


1. Most significant byte of the address of the 
next packet header. 7 


2. Least significant byte of the address of the 
next packet header. : 


3. A transmit command byte. 


4. A transmit status byte which should be 
initialized to zero by the system and will 
contain status for this packet when 
transmission is complete. : 


Bytes 1 and 2, called the Next Packet Pointer, 
point to the location immediately following the 
last byte of the packet, which is the first byte of 
the next packet header, if it exists. In 16 bit 
mode, the user should note the order of these 
bytes to be sure it is compatible with the MSB- 
LSB. storage convention of the processor/bus 
being used. Byte 1 is the more significant byte. 


Byte 3 is the Transmit Command byte. It con- 
tains information to guide the controller in 
processing the packet associated with this block. 


Bit 0: Xmit Babble Interrupt Enable. The 
CS8005 will transmit packets as large as the 
Transmit buffer can hold but will abort trans- 
mission of oversized packets if this bit is set to 
a one. If Tx Interrupt Enable is set, an interrupt 
will be issued. This condition is caused by an 
attempt to transmit a packet larger than the al- 
lowed 1514 bytes, excluding preamble and 
CRC. If babble occurs with bit 0-Xmit Babble 
Int. Enable set to a 1 on byte 3 - the Transmit 
Command byte, the Transmitter will abort 
transmission and turn itself off. When the bit is 
set to 0, no interrupt is generated, and the 
Transmitter is not turned off, but a status bit is 
set in the Status Header. 
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Bit 1: Xmit Collision Interrupt Enable. 
When set to a one, an interrupt will be 
generated if a collision occurs during a transmit 
attempt. The transmitter will attempt to trans- 
mit the packet again (after an appropriate 
delay) up to 15 times, issuing an interrupt for 
each collision. "e = | 


Bit 2: 16 Collisions Enable. When set to a 
one, a Transmit Interrupt will be generated if 
16 collisions occur during a transmit attempt, 
and the transmitter will be turned off. If Tx In- 
terrupt Enable is set, an interrupt will be issued. 
When set to 0, no interrupt is generated. The 
transmitter will continue to the next packet if 
there is one, and a status bit is set in the Status 
Header. | 


Bit 3: Xmit Success Interrupt Enable. When 
set to a one, a Transmit Interrupt will be 
generated if the transmission is successful, that 
is, fewer than 16 collisions occurred. | 


Bit 4: Not used. | 
Bits 5 and 6: Decode these bit as follows: 


Chain Data |. | | | 
Continue Follows | Action Taken by Transmitter 
(Bit6) (Bit5) | 
Null Header: the transmitter 
turns off without sending a 
packet | 
0 1 | Transmitter sends appended 
packet and then turns off 


Transmitter sends appende 
packet; then goes on to next 
packet. 


Skip Header: the transmitter | 
skips current packet, and 

1 0 goes on to the next packet 
using the Next Packet 
Pointers : 


These two bits are the only control bits required 

_ for transmit packet chaining and the CS8005 
ignores the Done bit (Transmit Status byte, 
bit 7). For additional information on chaining 
packets see the Applications section of this data 
sheet. 
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Bit 7: Xmit/Receive. If this bit is a one, the 
current header is for a packet to be transmitted. 
If this bit is a zero, the packet header will be 
processed as a header only and no data follows 
(bit 5). 


Byte 4 is the Transmit Status byte, which is writ- 
ten by the Buffer Controller upon conclusion of 
each packet transmission or retransmission at- 
tempt. It provides for reporting of both normal 
and error termination conditions of each transmis- 
sion. 


Bit 0: Xmit Babble. If set to a one, transmit 
babble occurred during the transmission at- 
tempt. This is caused by an attempt to transmit 
a packet larger than the allowed 1514 bytes, ex- 
cluding preamble and CRC. If babble occurs 
with bit O-Xmit Babble Int. Enable set to a 1 
on byte 3, the Transmit Command byte, the 
transmitter will abort transmission and turn it- 
self off. 


Bit 1: Xmit Collision. If set to a one, a col- 
lision occurred during the transmission attempt. 


Bit 2: 16 Collisions. If set to 1, 16 collisions 
occurred during the transmission attempt. 


Bit 3, 4, 5 and 6: Reserved. 


Bit 7: Done. If set to a one, the controller has 
completed all processing of the packet as- 
sociated with this header (either the packet has 
been sent successfully or 16 collisions oc- 
curred) and there is now valid status in the 
Status byte. | 


The data field follows the fourth byte. 


Receive Packet Format. 


Each Packet received is preceded by a four byte 
header and is placed into the local buffer via the 
Buffer Controller. The header contains the fol- 
lowing information in the indicated order: 


1. Most significant byte of the address of the 
next packet header. 


DS64PP1 


2. Least significant byte of the address of the 
next packet header. . 


3. Header Status byte. 
4. Packet Status byte . 


Bytes 1 and 2, called the Next Packet Pointer, 
point to the first byte of the next receive packet 
header. The next packet header starts immediate- 
ly after the end of the current packet. The packet 
length is equal to the difference between the start- 
ing addresses of the two packet headers minus 
four. If the value of the Next Packet Pointer is 
less than the current one, the pointer has wrapped 
around from the end of the buffer to the Receive 
Start Area (the Receive Start Area equals the 
Transmit Buffer Limit address + 1). When in 16 
bit mode, the user should note the order of these 
bytes to be sure it is compatible with the MSB- 
LSB storage convention of the processor/bus 
being used. 


The third byte of the header contains header in- 
formation associated with this packet. 


Bits 0 through 5: Not Used. 


Bit 6: Data Follows. If this bit is set to a one, 
there is received packet delta following the 
header ready to be processed. If this bit is a 
zero, no additional packet data 1s available in 
the chain and the following buffer will be used 
for the next incoming packet. 


Bit 7: Xmit/Receive. This bit is always set to 0 
_ by the controller to indicate a receive packet 
header. 


The fourth byte of the header, called the Packet 

Status byte, contains status information resulting 

from processing the packet associated with this 

block. | : . 
Bit 0: Oversize Packet. If this bit is a one, the 
packet was larger than 1514 bytes, excluding 
the Preamble and CRC fields. The CS8005 will 
accept an oversize packet and generate an inter- 
rupt if Rx Interrupt Enable is set to one. 
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Bit 1: CRC Error. If this bit is a one, a CRC 
Error occurred in this frame. CRC status is 
captured on byte boundaries, so that 7 or less 
dribble bits will not cause a CRC error. 


Bit 2: Dribble Error. Packets are integral mul- 


tiples of octets (bytes). If this bit is a one, the - 


received packet did not end on an octet (byte) 
boundary. © 


Bit 3: Short Packet. If this bit is a one, the 
. packet contained less than 64 bytes including 
CRC. Short packets are properly received as 
long as they are at least 6 bytes long; packets 
with less than 6 bytes will only be received if 
the match mode bits in Configuration Register 
#1 specify promiscuous mode, multicast/broad- 
cast is selected and the first bit of the 


| destination address is a 1, or the 2- “byte address 


mode has been selected. 
Bits 4 , 5 and 6: Not used. 


Bit 7: Done. If this bit is a one, the controller 
has completed all processing of this packet and 
there are now valid pointers .and status in this 
header. The user may now move this packet 
out of the local buffer, if desired, and reuse this 
buffer space. 


The data field follows this byte, unless this is a 
header only packet. 


Registers 


There are nine directly accessible 16 bit registers 
in the CS8005, one of which is used as a "win- 
dow" into indirectly accessed registers as well as 
the local buffer memory. Access is controlled by 
chip select, I/O read, I/O write and four address 
inputs, AQ-A3.. The following description as- 
sumes a 16 bit wide system interface; as such, * 
low order address input, AO, is shown as "X", 
don’ t care. In 8 bit mode, input pin AO selects ae 
0 through 7 of the register when a zero, and bits 8 
through 15 when a one. Note that the byte swap 
bit does not affect the byte order of these 
registers. | 


7-36 


All "not used” bits should be set to 0 to maintain 
future compatibility. When read, "not used" bits 
read as *1’. 


Command Register, A3-0 = 000X (Write only) 


Bit 0: DMA Interrupt Enable. When set to a 
1, completion of a DMA operation, as signaled 
by Terminal Count, will generate an interrupt. 


Bit 1: Rx Interrupt Enable. When set to:a 1, 
this bit enables interrupts whenever a packet 
becomes available in the packet buffer. 


Bit 2: Tx Interrupt Enable. When set to a 1, 
this bit enables interrupts for completion of 
transmit operations. See the Transmit Header 
‘Command byte description for conditions that 
can cause an interrupt. 


Bit 3: Buffer Window Interrupt Enable. Set. 
ting this bit to a one enables interrupts for 
Buffer Window register reads from the packet 
buffer. 


Bit 4: DMA Interrupt Acknowledge. Setting 
this bit to a one causes a pending DMA inter- 
Tupt to be cleared. 


Bit 5: Rx Interrupt Acknowledge. Setting this 
bit to a one causes a pending Receive es 
to be cleared. 


Bit 6: Tx Interrupt Acknowledge. Setting this 
bit to a one causes a pending Transmit interrupt 
to be cleared. 


Bit 7: Buffer Window Interrupt Ack- 
nowledge. Setting this bit to a one causes a 
pending Buffer Window interrupt to be cleared. 


Bit 8: Set DMA On. Setting this bit to a one 
enables the DMA request logic. If the DMA 
FIFO is set to the read direction, a DMA Re- 
quest will be asserted when the DMA FIFO has 
enough bytes to satisfy the burst size. If the 
DMA FIFO is in the write direction the DMA 
Request will be asserted immediately. Clearing 
this bit has no effect. Setting this bit with bit 
11 set will force a DMA Interrupt, provided the 
DMA Interrupt Enable bit is set, which permits 
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testing the interrupt without actually perform- 
ing DMA operations. 


Bit 9: Set Rx On. Setting this bit to a one 
enables the Receiver. Clearing this bit to a 0 
has no effect. Setting this bit with bit 12 set 
will force an interrupt, provided the Receive In- 
terrupt Enable bit is set, which permits testing 
the interrupt without receiving packet data. 


Bit 10: Set Tx On. Setting this bit to a 1 
enables the Transmitter. The Buffer Controller 
will read the header information pointed to by 
the Transmit pointer and process the packet ac- 
cordingly (see transmit packet header 
description). The conditions for interrupting 
upon completing packet processing are 
specified in the Transmit Header Command 
byte, which is stored in the buffer memory. 
Setting this bit with bit 13 set will force a trans- 
mit interrupt for test purposes. 


Bit 11: Set DMA Off. Setting this bit to a one 
disables the DMA Request logic. 


Bit 12: Set Rx Off. Setting this bit to a one dis- 
ables the receive logic. If the CS8005 is 
actively receiving a packet when bit 12 is set, 
the Receiver will be disabled immediately 
without finishing the packet and without updat- 
ing any receive packet header which may be in 
progress. Bit 9 Rx On will be °1’ until the 
receiver is disabled. 


Bit 13: Set Tx Off. Setting this bit to a one dis- 
ables the transmitter. If a packet is being 
transmitted when this bit is set, transmission of 
the packet will immediately be aborted. 


Bit 14: FIFO Read. When set to a one, the 
DMA FIFO direction is set to read from the 
packet buffer. The FIFO direction should not 
be changed from a write to a read until it is 
empty (see FIFO status bits). | 


Bit 15: FIFO Write. When set to a one, the 
DMA FIFO direction is set to write to the pack- 
et buffer. Changing the DMA FIFO direction 
clears the DMA FIFO. 
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Status Register, A3-0=000X (Read only) 


Bit 0: DMA Interrupt Enable. When set, this 
bit indicates that interrupts are enabled for ter- 
minal count during a DMA operation. 


Bit 1: Rx Interrupt Enable. When set, this bit 
indicates that interrupts are enabled for receive 
events. 


Bit 2: Tx Interrupt Enable. When set, this bit 
indicates that interrupts are enabled for transmit 
events. 


Bit 3: Buffer Window Interrupt Enable. 
When set, this bit indicates that interrupts are 
enabled for Buffer Window reads from the 
packet buffer. 


Bit 4: DMA Interrupt. When set, this bit indi- 
cates that DMA has been terminated, either due 
to terminal count or the DMA On bit being 
written off. If the associated Interrupt Enable 
bit is set, an interrupt will also be asserted. 


Bit 5: Rx Interrupt. When set, this bit indi- 
cates that a Receive packet chain is available. 
If the associated Interrupt Enable bit is set, an 
interrupt is also asserted. 


Bit 6: Tx Interrupt. When set, this bit indi- 
cates that a Transmit interrupt condition has 
occurred. The following are valid Tx Interrupt 
conditions: Xmit Babble, Xmit Collisions, 
Xmit 16 Collisions and Xmit Success. If the 
Tx Interrupt enable bit is set, an interrupt is 
also asserted. | | 


Bit 7: Buffer Window Interrupt. When set, 
this bit indicates that data has been read from 
the local buffer into the DMA FIFO and is 
ready to be read via the Bus Interface. If the 
associated interrupt enable bit has been set, an 
interrupt is asserted. 


Bit 8: DMA On. When set, this bit indicates 
that the DMA logic is enabled. When Terminal 
Count is asserted during a DMA transfer, this 
bit will be reset to indicate that the DMA ac- 
tivity has been completed. When reset, this bit 
three-states the DREQ pin. 
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Bit 9: Rx On. When set, this bit indicates that 
the Receiver is. enabled. This bit remains set 
during active reception of a packet and turns 
’off’ at the end of reception if bit 12 Rx off is 
set. | | aes | 

Bit 10: Tx On. When set, this bit indicates that 
the Transmitter is enabled. 

Bits 11 & 12: Not used. 


Bit 13: DMA FIFO Full. When set, this bit in- 
dicates that the DMA FIFO is full. : 


Bit 14; DMA FIFO Empty. When set, this bit 
indicates that the DMA FIFO is empty. 

Bit 15: FIFO Direction. When set, this bit in- 
dicates that the DMA FIFO is in the read 
direction; when cleared, it indicates that the 
DMA FIFO is in the write direction. After 
hardware or software reset, this bit is cleared. 


Con figuration Register 1, A3-0=001X 


Bits 0-3: Buffer Code. These four bits are the 
Buffer Window Code bits, which determine the 
source of Buffer Window register reads and the 
destination of buffer window register writes. 
Buffer code bits 3-0 should be set to ’1000’ by 
pointing to local buffer memory before turning 
FIFO to read direction to perform reads. 


Buffer Code Selection Table - 


Buffer Code Bits | Buffer Window Reg. Contents 























3 21 0 
0;0;010 Receive addr. reg. 0 | 
0}|01}0]}1 | Receive addr. reg. 1 
0|0}{1 ]0 | Receive addr. reg. 2 
;O;0;,1)]1 _ Receive addr. reg. 3 
01/1/00 | Receive addr. reg. 4 
O|1 0141 | Receive addr. reg. 5 
o11]1]0 Address PROM | 
o;1)1 41 Transmit Buffer Limit 
1 | 0'}.0 | 0 Local buffer 
17,0);0);1— Interrupt vector — | 
1 {011 |X | Reserved—donotuse © 
t,t SOX Reserved — do not use 
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Bits 4-5: DmaBurstInterval: These two bits 
specify the interval between DMA requests. | 


Burst Interval | 
Continuous = 






oe ee 

a a ae 

| 0 | 4 [800nanoseconds 
| 1 | 0 [1600 nanoseconds 
oe ae 





3200 nanoseconds 


1 


If configured for continous mode, the DMA re- 
quest will persist until Terminal Count is 
asserted. 


DMA Burst Size Selection 


Bits 6-7: DmaBurstSize. These two bits 
specify the DMA Burst Transfer count. 


# of DMA Tranfers/Burst 
i ae ree 
16 (Illegal in word mode) 


Bits 8-13: These six bits select which of the 
receive address register sets (each register set 
contains 6 bytes) will be used to compare in- 
coming destination addresses. Bit 8 
corresponds to receive address register set 0, bit 
9 to register set 1, ... bit 13. to register set 5. A 
’1’ in any bit enables that Receive Address 
register set for reception. These bits are both 

_ read and write. a 

Bits 14-15: These two bits define the match 
modes for the Receiver logic. 


3a] Watch Mode Deseition — 
[0 [Specie addresses only 
0 [Above + mutcast adresses 
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Configuration Register 2, AO-A3=010X 


Bit 0: ByteSwap. The normal order for pack- 
ing packet bytes into a 16 bit word is low byte 
first, i.e., the first byte of a packet is contained 
in bits 0 through 7, the second byte in bits 8 
through 15. Setting this bit to a 1 causes the 
high and low order bytes to be swapped for 
data reads and writes to the Buffer Window 
Register when the CS8005 is in 16 bit mode. 
Control registers are not affected. This bit has 
no effect when the CS8005 is in 8 bit mode. It 
should not be changed when a DMA is in 
progress. Changing this bit will not affect the 
sequence of receive data bytes in the local buff- 
er memory since the swap occurs on the system 
(Bus Interface) side of the buffer memory. This 
bit is both read and write. 


Bit 1: AutoUpdWPP. If this bit is set to 1, the 
Write Protect Pointer will be updated with the 


most significant byte of the DMA pointer 


whenever the Buffer Controller crosses a pack- 
et buffer page while reading DMA data. In this 
way, aS buffer memory space is released by 
reading from it, free buffer space is automati- 
cally allocated to the Receive logic. Turn Auto 
Upd WPP off before enabling reads from trans- 
mit space. 


Bit 2: Not Used. This bit should be written to 
’0’ for future compatibility. 


Bit 3: CRC Error Enable. When set, the 
receiver will accept packets with CRC errors, 
place them in the local buffer and indicate that 
a packet is available via the Rx Interrupt Status 
bit. If the CRC Error Enable bit is set and the 
Tx Interrupt Enable bit is also set, one Rx inter- 
rupt will occur in response to a CRC error. 


Bit 4: Dribble Error. When set, the receiver 
will accept packets with a byte alignment error. 
If the Dribble Error bit is set and the Rx Inter- 
rupt Enable bit is also set, one Rx interrupt will 
occur in response to a dribble error. 


Bit 5: Short Frame Enable. When set, packets 
of less than 512 bits (64 bytes) exclusive of 
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preamble and start packet delimiter bits, will be 
received and placed in the local buffer. Packets 
shorter than 6 bytes (2 bytes if bit 8 = 1 ) will 
always be rejected unless the Receiver is in 
promiscuous mode (all addresses match) or 
multicast/broadcast mode and the packet is a 
multicast/broadcast packet. If the Short Frame 
Enable bit is set and the Rx Interrupt bit is also 
set, one Rx interrupt will occur in response to a 
short frame. 


Bit 6: SlotSelect. This bit selects the slot time 
used to calculate backoff time following a col- 
lision. When a 0, which is the state after reset, 
the slot time is 512 bits and meets the IEEE 
802.3 standard; when a 1, the slot time is 128 
bits, the interframe spacing is 24 bits and the 
collision jam is 2 bytes long, which is useful 
for smaller networks such as serial backplane 
buses. 


Bit 7: PreamSelect. When this bit is a 0, which 
is the state after reset, the CS8005 automatical- 
ly transmits an IEEE 802.3 compatible 64 bit 
preamble; when set to 1, the user must supply 
the preamble as part of the packet data. The 
preamble must still follow the 802.3 form in 
order to be recognized by other CS8005’s, but 
may have arbitrary length. Note that a mini- 
mum of 16 preamble bits are required by the 
CS8005 on reception. 


Bit 8: AddrLength. This bit selects the length 
of address to be used in address matching. 
When a O, which is the state after reset, the 
length is 6 bytes, which conforms with the 
IEEE 802.3 standard; when set to 1 the length 
is 2 bytes, which is useful in limited networks 
such as serial backplane buses. 


Bit 9: RecCre. If set to a 1, received packets 
will include the CRC. If set to a 0, which is the 
state after reset, the 4 byte CRC will be 
stripped when received. , 


Bit 10: XmitNoCrc. If set to a 1, the Transmit- 
ter will not append the 4 byte frame check 
sequence to each packet transmitted. This is 
useful in local loopback to perform diagnostic 
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checks, since it allows the software to provide 
_ its own CRC as the last four bytes of a packet 
to check the Receiver CRC logic. It is initial- 
ized to 0 after hardware or software reset. 


Bit 11: Loopback. This bit controls the Exter- 


nal Loopback pin. When set to a 1, the 

loopback output pin is at Vol; after reset or 
- when cleared: to a 0, the External Loopback 

output pin is at Voh. 7 ee 


Bit 12: CTRLO This bit controls the Control 

~ Output pin. When set to a 1, the CTRLO pin is 
-at Voh; when cleared to 0 or after reset, this pin 
is at Vol. : 


Bits 13-14: Not used. Reserved for future use. 


Bit 15: Reset. Writing a 1 to this bit is the same 

aS asserting the hardware reset. Reset should 
be followed by a 4 ts wait before attempting 
another access. This bit reads as a 0. 


Write Protect Pointer, A3-0 = 0110 


Bits 0-7; WPP. The Write Protect Pointer con- 
tains the high order byte of the local buffer 
address at which the Receive logic must stop to 
prevent writing over previously received pack- 
ets. If the Receive logic reaches this address it 
will stop; the Receiver will be turned off and an 
interrupt will be issued. The Receiver can be 
re-started by freeing up buffer space and turn- 
ing the Receiver back ’ON’ again. This register 
can be updated automatically by setting bit 1 in 


Configuration Register #2, which causes WPP_ 


to be updated each time the high byte of the 
DMA _Ptr is updated by the Buffer Controller 
during reads via the DMA FIFO. It is both read 
and write. 


Buffer Window Register, A3-0 = 100X 


This register provides access to the area specified 
by the Buffer Code bits (bits 0-3) in Configura- 
tion Register #1. When the Buffer Code points to 
either the buffer memory (Buffer Code =10002), 
or the address PROM (Buffer Code = 01102), the 
address of the data transferred through this 
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register is determined by the DMA pointer. All 
Buffer Code registers are byte wide except data. 
Receive Pointer Register, A3-0 = 101X 

The Receive Pointer provides a 16 bit address 
that points to the next buffer memory location 
into which data or header information will be 
placed by the Receive logic. The low order 8 bits 
contain the least significant byte of the address. 
Prior to enabling the Receiver, this register should 
be set to point to the beginning of the Receive 
Area in the local buffer. This initial value should 
be remembered by system software since it will 
be the address of the first byte of the header block 
of the first packet received. While receiving, the 
Receive Pointer will be incremented for each byte 
stored into the local buffer. When the Receive 
Pointer increments past hex FFFF the most sig- 
nificant byte will be set equal to the value of the 
Transmit Buffer Limit + i and the least. sig- 
nificant byte will be set to 00. Reading this 
register may be done at any time. It should be 
written only when the receiver is idle. © 


Transmit Pointer Register, A3-0 = 1 1 OX 


The Transmit Pointer points to the current loca- 
tion being accessed by the Transmit logic. Before 
Starting the Transmitter, software loads this 
register with the address of the beginning of a 
transmit packet chain. 


DMA Address Register, A3-0 = 11 1X 


The DMA address register provides 16 bits of ad- 
dress information to the local buffer memory and 
8 bits of address to the address PROM, depending 
on the buffer code written into Configuration 
Register 1. Its normal use is to provide an auto- 
incremented address to the local buffer so that the 
packet data can be moved via the Bus Interface. 
When the DMA Address register is loaded, the 
DMA FIFO is cleared. Therefore it is important 
to ensure that the DMA FIFO is empty if it is in 
the write direction before loading the DMA 
register. When writing a packet to be transmitted, 
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the DMA Address register automatically wraps 
around to 0000 when the Transmit Buffer Limit 
(contained in an indirect register, Buffer Code 
0111) has been reached. When reading receive 
packets, the DMA Address register automatically 
wraps around to the Receive Start Area (Transmit 
Buffer Limit + 1,00) when address hex FFFF has 
been read. 


Indirectly Accessed Registers 


Infrequently used registers, such as, those nor- 
mally loaded only when initially configuring the 
CS8005, are accessed indirectly by first loading 
the Buffer Code bits in Configuration Register #1 
with a code that points to the desired register. 
Reads and writes occur through the Buffer Win- 
dow register. All indirect registers (a total of 38) 
are 8 bits wide, thus only DO-D7 are used. 


Receive Address Registers 


The CS8005 contains six 48-bit Receive Address 
registers, which permits one network connection 
to provide up to 6 different server functions. 
Each of these Receive Address registers is com- 
prised of six 8-bit registers which must be loaded 
through the Buffer Window Register. Only those 
Receive Address registers to be enabled for ad- 
dress matching need to be loaded. 


To load a Receive Address register, first turn the 
Receiver off. Select the desired address register 
number (0-5) by writing the Buffer Code bits in 
Configuration Register #1. Next do 6 sequential 
byte writes to the Buffer Window register as fol- 
lows: Write the least significant byte of the 6 
byte Receive Address; its low order bit, bit 0, will 
be the first bit received. Next write the remaining 
5 bytes in ascending order. To read a Receive 
Address register, first turn the receiver off by set- 
ting bit 12, Rx off, on the Command register and 
verifying that the Receiver is off. Then select the 
desired station number by writing the Buffer 
Code bits in Configuration Register #1. Do 6 se- 
quential reads to the Buffer Window Register; the 
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first byte read will be the least significant byte. If 
the CS8005 is configured to match 2 byte instead 
of 6 byte addresses, only the first 2 station ad- 
dress bytes are significant, although all 6 will 
read and write properly. 


Transmit Buffer Limit Pointer 


The 8-bit value of this pointer defines, with 256 
location granularity, the end of the Transmit 
Packet Buffer area by specifying the highest 
value permitted in the most significant byte of the 
Transmit Pointer Register and, when loading a 
packet to be transmitted, the DMA Address 
register. It also indirectly defines the Receive 
Start Area address, since the Buffer Controller 
automatically calculates the high order byte of the 
address by adding 1 to the Transmit Buffer Limit 
pointer. To read or write this value, set Buffer 
Code = 0111, and do a read or write to the Buffer 
Window Register. 


Interrupt Vector Register 


This Read/Write register is accessed through the 
Buffer Window register when the Buffer Code in 
Configuration Register #1 is 9. It contains an 
8 bit vector which is placed on data bits DO-D7 
during an Interrupt Acknowledge cycle. If BUS- 
MODE = 0, an Interrupt Acknowledge cycle is 
defined by INT = 0, IACK = 0, and R/W =1. 
When BUSMODE = 1, an Interrupt Acknowledge 
cycle is defined by INT = 1, IACK = QO, and 
IOR = 0. 








Other Buffer Window Register Uses 


Address PROM Access 


The CS8005 supports access to up to 256 bytes of 
configuration data contained in a PROM or 
EEPROM. This can be used for any purpose, 
such as storing receive addresses, register con- 
figurations, network connection data, etc. The 
address to the PROM is supplied by the DMA 
register through data bus bits D8-D15; the data 
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Example of Chained Receive Frames 


Bit # | 
Addr. ptr 1 
Addr. ptr 2 
Header status 
Packet status 
Data 

Addr. ptr 1 
Addr. ptr 2 


Header status 


Packet status 
Data 

Addr. ptr 1 
Addr. ptr 2 
Header status 
Packei status 
Data 

Addr. ptr 1 
Addr. ptr2 
Header status 
Packet status 


Upper byte of next packet pointer 





Upper byte of next packet pointer | | 
| 
0 





7 
0 
1 

Ee a a a ae ee ee 
1 ud 
0 | 





5 4 3 2 1 0 







Lower byte of next packet pointer 





7 6 
0 | X X X X X 
1 0 1 0 0 0 0 
| Upper byte of next packet pointer 
Lower byte of next packet pointer 
0 —_ x x x x xX 
1 0 1 0 0 0 0 
-. Lower byte of next packet pointer 
0- 1 X. X X X 
1. QO 9: 1 0 0 0 | 


Next receive packet 




















Packet Header Bytes 


Transmit Header Command Byte 





Transmit Packet Status Byte 
| (Byte #4) 
3 


7 6 5 4 2 1 0 
| 16 | Colli- | Bab- 
Pere|«—} Reserved —=| 38 | Col | Bae 
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5 
Chain | Data 
Con- | Fol- 


tinue |lows 


0 0. 0 0 0 0 0 0 
0 0 0 0. 0 0 oO 9 header goes here. 
o..6 C9 0 0 0 0 OO | Last header in chain. 
0 0 0 0 0 0 07 0 | aa 
_ Receive Header Status Byte | 
(Byte #3) _ (Byte #3) 










7 6 5 4 38 2 1 0 
Data | Not | Not Not Not Not Not 
Fol- |Used |Used| Used | Used | Used | Used |. 
lows ; 


Receive Packet Status Byte | 
(Byte #4) 
‘3 


7 6 5 4 2 1 0 
Done| Not | Not | Not | Short | Drib. | CRC | Over-| 
- | Used |Used |Used| Frame | Error | Error size 
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Command (write only) (A3-0 = 000X) 
12 8 7 





6 5 4 
TX Rx | DMA 
Int Int Int 

Ack | Ack | Ack 


Status (read only) (A3-0 = 000X) 
15 8 7 6 5 














14 13 12 11 9 
FIFO | FIFO |FIFO} Not | Not Rx | DMA| Buffer 
Dir {Empty} Full |Used| Used On} On 
Enable| Enable Enable Enable 
Configuration Register #1 (A3-0 = 001X) | 


11 10 6 3 4 2 1 0 
U 


13 12 9 8 7 3 

Sta.| Sta.| Sta. | Sta. | Sta. | Sta. | DMA| DMA| DMA|DMA|Buffer Buffer Buffer Buffe 

5 4 3 2 { 0 Burst | Burst} Burst} Burst] Code] Code] Code} Code 
EnableiEnable|Enable| Enable| Enable| Enable| Size | Size 3 2 1 


Configuration Register #2 (A3-0 = 010X) 
7 





13 
ot 


12 11 10 9 8 6 

Not jControl Loop; Xmit| Recv. Addr} Xmit | Slot 
Used|Output) Back) No | CRC; Leng] No | Time} Frame 

CR Pream| Sel. 


Write Protect Pointer (A3-0 = 0110[2]) 
15 14 #13 12 #411 10 9 8 7 6 5 4 


x xX xX X X X X xX Write Protect Pointer _ 


Receive Pointer Register (A3-0 = 101X) 
15 14 13 12 #11 10 9 8 7 6 5 4 3 2: 1 0 


LOCAL BUFFER ADDRESS FOR NEXT RECEIVE BYTE | 





Transmit Pointer Register (A3-0 = 110X) 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


LOCAL BUFFER ADDRESS FOR NEXT TRANSMIT BYTE 


? DMA Address Register (A3-0 = 111X) 
15 14 #13 #12 #11 10 9 8 7 6 5 4 3 Se 1 0 


| LOCAL BUFFER ADDRESS FOR SYSTEM READS OR WRITES | 


Buffer Window Register (A3-0 = 100x!!) | 
15 14 13 12 1 #10 9 8 7 #6 5 4 3 2 1 0 


BUFFER CODE BITS DETERMINE SOURCE/DESTINATION FOR READS AND WRITES : 
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Receive Address Register Format 
2 of 6 Receive Address Registers Shown 


7 6 5 4 3 2 1. «0 











LEAST SIGNIFICANT BYTE 
RECEIVE ADDRESS REGISTER 0 BYTE 0 
BUFFER CODE = 0000 


RECEIVE ADDRESS REGISTERO BYTE1 
BUFFER CODE = 0000 —_ 
RECEIVE ADDRESS REGISTER 0 BYTE2 
BUFFER CODE = 0000 : 
RECEIVE ADDRESS REGISTER 0 BYTE 3 

- BUFFER CODE = 0000 | 
RECEIVE ADDRESS REGISTER 0 BYTE 4 
BUFFER CODE = 0000 | 
RECEIVE ADDRESS REGISTER 0 BYTE 5 | 


BUFFER CODE = 0000 
MOST SIGNIFICANT BYTE 






lines from the PROM are connected to DO-D7. 
Chip select for the PROM is provided by output 
APEN. Before accessing this PROM, ensure that 





Transmit, Receive and DMA sections of the | 


CS8005 are disabled. Next load the PROM start- 
ing address which you wish to access into both 
the low byte and the high byte of DMA register. 
Set the Buffer Code bits in Configuration 


Register #1 to point to the address PROM. Each 


access to the Buffer Window register will chip 
enable the PROM, permitting reads. Successive 
accesses will increment the DMA register to point 
to the next byte in the PROM. If a 16 bit wide 
bus is used, the address supplied to the PROM 
will also be read on D8-D15. 


Buffer Access 


The normal state of the Buffer Code bits, once the 
CS8005 has been initialized with station addres- 
ses and buffer areas have been allocated, is with 
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| RECEIVE ADDRESS REGISTER 1 BYTE 3 
_| BUFFER CODE = 0001 
RECEIVE ADDRESS REGISTER 1 BYTE 4 
‘BUFFER CODE = 0001 | 


7 6 5 4 3 2 1 0 
LEAST SIGNIFICANT BYTE 


-RECEIVE ADDRESS REGISTER 1 BYTE 0 
BUFFER CODE = 0001 


_ RECEIVE ADDRESS REGISTER 1 BYTE 1 
BUFFER CODE = 0001 _ 
RECEIVE ADDRESS REGISTER 1 BYTE 2 | 
BUFFER CODE = 0001 














RECEIVE ADDRESS REGISTER 1 BYTE 5 
BUFFER CODE = 0001 
MOST SIGNIFICANT BYTE 


Packet Buffer selected. Access to the local packet 
buffer is provided by the DMA register, which 
automatically increments after each byte or word 
transfer. To write to the local buffer, set the buff- 
er code to select the desired buffer destination, set 
the FIFO direction to write (Command Register 
bits 14 and 15), load a starting address into the 
DMA register and write to the Buffer Window 


_ register. To read from the local buffer, the same 


steps as above must be followed except that the 
FIFO direction should be changed to the read 
direction after the DMA register has been writ- 
ten.. This is the simplest way to access the local 
buffer as it requires no system DMA activity. It 
also permits network layer software to read net- 
work control data at the beginning of a received 
packet to determine if it is necessary to move the 
packet into global memory for further processing 
or simply reuse the area occupied by the packet 


by updating the Write Protect Pointer. For fastest 


transfer speed, e.g., to move packet data, an exter- 
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nal system DMA Controller is supported via the 
DMA Request output, DMA Acknowledge input 
and Terminal Count input signals. 


Asynchronous Bus Control 


The CS8005 supports asynchronous bus control 
via the READY/DTACK pin. By using 
READY/DTACK, the cycle time minimums 
listed in the tables A through J need not be ob- 
served. READY/DTACK takes care of these 
cycle times. This greatly simplifies the task of in- 
terfacing to the CS8005 and also results in a 
higher overall data rate. To acheive the highest 
possible data rate, all data transfers should ter- 
minate within 100 ns of READY/DTACK being 
asserted. This permits a sustained system bus 
transfer rate of 3.33 Mbytes/sec in 16 bit mode 
or 2.5 Mbytes/sec in 8 bit mode. 
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a = 
SD EE SD GD Of lll 7D 
PIN DESCRIPTION 
OS 2 SS oa wreare 
qaaaQaqanaqonarta AaAgaAagaaA 
Jor foo|| neo} sll] SIS BS|S/S| 
VSS [10 | — [60] VEs | 
APEN_ 59] Vss 
INT/INT 5a] a3 
CTRLO [13 57] A2 
LPBK [14 56] At 
Vee [5 [55] AO | 
RESET |16) CS8005 S54) 1ACK | 
BUSMODE [53] NO CONNECT 
BUSSIZE [16! ve s2lcs 
CSN 51] IOW (R/W) 
COLL IOR 
NO CONNECT 49] Voc 
TxC 148] TERMCT(TERMCT) 
RxC [23] 47] DACK | 
CLK [24 [46] DREQ(DREQ) 
Vss [45] READY(DTACR) 
Vss [26) 44)—EN 
RIRISIEIRISIBIRIEISIBIEIBISISISIS 
QAAZSraAgT ONORK 7) 
EER S2ee2 92 2g|2gF ¥ 


DO0-D15, Pins 61-68, 2-9 


A 16 bit bidirectional system data bus. If BUSSIZE = 0, the bus is configured as 8 bits and 
D8-D15 are not used for data transfer. Byte order for local buffer data transfers on a 16 bit bus is 
software configured. D8-D15 are used to provide address information to the optional external 
address PROM in both 8 and 16 bit modes. 


EN, Pin 44 


An output which can be used to control the three-state control pin of external bi-directional 
drivers such as the 74LS245. 


APEN,, Pin 11 


Active low address PROM enable output. 


IOW(R/W), Pin 51 


If BUSMODE = 1, this input defines the current bus cycle as a write. If BUSMODE = 0, this 


input defines the bus cycle as a read if a 1 or a write if a 0. 
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IOR (LDS*), Pin 50 
If BUSMODE = 1, this input defines the current bus cycle as a read. If BUSMODE = 0, this 
input is not used. aoe 
*LDS is not currently implemented. Future versions of the CS8005 will implement the LDS 
function on this pin when in Motorola compatible mode. 


CS, Pin 52 
The chip select input, used to access internal registers and the packet buffer. 


A0-A3, Pins 55-58 
Address select inputs used to select internal registers for reading or writing. AO is not used in 
16-bit mode. 


DACK, Pin 47 
An input used to acknowledge granting of the system bus for external DMA transfers. When 
DREQ is active, DACK functions as a chip select for reads and writes. 





DREQ (DREQ), Pin 46 
An output to an external DMA controller used to signal that a DMA request is being made. This 
signal is high active when BUSMODE = 1, low active when BUSMODE = 0. A three-state 
output. 


TERMCT (TERMCT), Pin 48 
An input which signals that the last byte or word of a DMA access is on the bus. When 
BUSMODE = 1, this input is high active; when BUSMODE = 0, it is low active. 


READY (DTACK), Pin 45 
A three-state output. When BUSMODE = 1, this output functions as a READY pin (Intel 
compatible); when BUSMODE = 0, this output is DTACK (Motorola compatible). 


INT/(INT), Pin 12 
When BUSMODE = 1, this is a high active interrupt output; when BUSMODE = 0 this output is 
low active. 


TACK, Pin 54 7 
Active low interrupt acknowledge input. When this input is asserted and INT is also asserted, the 
contents of the Interrupt Vector register are placed on DO-D7. 


RESET, Pin 16 
The low active reset input. Asserting RESET clears all configuration and pointer to 00. 
Following reset, a wait of 4 Us is necessary before accessing the part. 


BUSMODE, Pin 17 : 
An input which selects Intel-compatible bus signals when high or Motorola-compatible bus 
signals when low. | 
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BUSSIZE, Pin 18 | 
An input that selects the 8-bit system bus when low or 16-bit system bus when high. 


ADO-AD7, Pins 30-34, 36-38 | 7 | : 
A multiplexed address and data bus acca to nie row and eli dates afd read/write data 
to the packet buffer dynamic RAM. 


RAS, Pin 40 x a 
Row Address Strobe to 5 the eacke buffer memory. 


CAS, Pin 39 | 
Column Address Strobe to the packet buffer memory. Page mode addressing is deed when 
possible to speed access to the buffer. 


W, Pin 42 
An output to the ayactaie RAM buffer that indicates the current cycle is a write. 


G, Pin 41 
An output-to the dynamic RAM buffer that enables read data onto the AD bus. 


TXxEN, Pin 29 
An output to the Manchester Code Converter that indicates a transmission is in progress. 


TxC, Pin 22 
An input from the Manchester Code Guavede: that is oe to chiens wangenitied data. 


TxD, Pin 28 
The transmit data output to the Manchester Code Converter. 


RxC, Pin 23 
An input from the Manchester Code Converter used to synchronize received data. 


RxD, Pin 27 
The receive data input from the Manchester Code Converter. 


COLL, Pin 20 | 
The collision input from the Manchester Code Converter. 


CSN, Pin 19 | 
‘The carrier sense input from the Manchester Code Converter. — 


CTRLO, Pin 13 | 
Control/Output, a general purpose control pin, level follows bit 12 of Configuration Register #2. 


LPBK, Pin 14 
The loopback control output. 
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CLK, Pin 24 
The master 20 MHz input clock. 


No Connect, Pins 21 & 53* 
*Future versions of the CS8005 will use pin 53 to implement Byte High Enable (BHE) for Intel 


mode or Upper Data Strobe (UDS) for Motorola mode. Setting this pin high or low on the current 
CS8005 will not affect the CS8005 and will allow systems to be adapted to use the feature, when 


itis available. 
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APPLICATIONS 
Transmit Packet Chaining 


Bits 5 (Data Follows) and 6 (Chain Continue) of 
the Transmit Command Byte control transmit 
chaining as described in the Transmit Packet For- 
mat section. Here is some additional information 
regarding the functionality of these bits and a 
description on how to add to a packet chain while 
the transmitter is transmitting. 


¢ Note that the "Skip Header" can be used to 
relocate the Transmit Pointer to the beginning 
of another packet chain. 


¢ Note that the Chain Continue bit (bit 6) of the 
last packet in a chain can be used to terminate 
a packet chain. Alternatively, placing a Null 
Header following the last packet of a chain 
can also be used to terminate the chain. 


To add to a packet chain while the Transmitter is 
transmitting the chain, the following procedure is 
recommended: 


A. Set Chain Continue = 1 and Data Follows = 1 
on all packet headers that have data to trans- 
mit. 


B. Before starting the Transmitter, write a Null 
Header (4 bytes of zeros) immediately follow- 
ing the last packet in the chain. 


C. Start the transmitter. 
D. To add packet(s) to the chain: 


1. Write the next packet data immediately fol- 
lowing the Null Header. 


2. Optional: Write one or more complete pack- 


ets with complete headers following the 
one in step 1. 

3. Write another Null Header following the 
new packet(s). 

4. (Last) Over-write the first Null Header with 
the correct header data for the packet. 
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If the Transmitter catches up with you, it will - 
stop at the first Null Header and, if Tx Int 
Enable is 1, will generate an interrupt. It will 
not "de-rail" or mis-read a header if the . 
headers are written in natural order. 


Receive Packet Chaining 


The Receiver writes a Null Header (four bytes of 
zeros) into the Receive Packet Buffer to start the 
reception procedure. If the system processor reads 
a Null Header, it should interpret it as the end of 
the packet chain, and should discontinue reading 
packets. When the packet is received, the 
Receiver returns to the Null Header and over- 
writes the header with the new packet information 
(the next packet pointer and status information). 
If Rx Int Enable = 1, the Receiver will interrupt 
the processor when another packet arrives, so that 
the processor can resume reading received pack- 
ets. If interrupts are not used, the processor must 
poll the Rx Int status bit to learn when another 
packet has arrived. See item 1 under "Hints for 
Programmers," below. 


Detecting 2-Byte Broadcast Address 


The CS8005 will not detect Broadcast Address 
(Configuration Register 1, bits 15 & 14 =0 1 (bi- 
nary) in the 2-byte address mode (Configuration 
Register 2, bit 8 = 1) unless an additional Receive 
Address Register is Enabled. This additional ad- 
dress value must be "FF, FF, FF, FF, FF, FF" 
(hex). 


Extra Byte at End of Packet Error 


An extra byte at the end of the packet data field 
will occur if the packet has 7 dribble bits. this ap- 
pended byte is the first byte of the CRC Field. In 
most LAN environments, this will not be a 
problem because 7 dribble bits will not occur on 
an otherwise good packet. (Dribble bits usually 
indicate a collision or an aborted transmission at- 
tempt). However, if a workaround is needed, the 
following methods can be used. 
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Detection Methods 


¢ Comparing the Length Field value with the 
actual length of the packet. A length value can 
be detected as a numerical value less than or 
equal to 1500 (decimal), OSDC 
(hexadecimal). Values greater than that are 
type codes. (Note that some protocols in use 
on Ethernet systems do not code the Length 
Field for length, but instead use it for packet 
type. For such systems this detection method 
is invalid.) 


¢ In a system which always transfers an even 
number of bytes, an odd byte count will indi- 
cate this error. 


¢ Other error-detection schemes, where in- 
cluded in the higher levels of the protocol 
stack, may be used. 


Correction Procedures 
Either of the following methods will suffice: 


¢ Set the Receive CRC Bit, bit #9 of Configura- 
tion Register #2. This will cause the CS8005 
to include the CRC Field when storing the 
packet in the Local Buffer. If a byte count 
error is not detected, further processing of the 
packet must include stripping off four bytes 
from the end of the packet. If an extra byte is 
detected, strip off five bytes. 


e Discard the packet and request a retransmis- 
sion. 


Hints for Programmers 


Avoiding Multiple Null Headers in the Receive 
Buffer 


When the receiver is turned on, it writes a null 
header at the current location of the Receive 
Pointer. The null header consists of four bytes of 
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all zeros which indicates that no additional pack- 
ets are available in local buffer. When the next 
packet is received, the null header is updated with 
the Next Packet Pointer and Status information 
for the new packet. The Next Packet Pointer is 
also the current location of the Receive Pointer. If 
the receiver is turned off either under software 
control or by the occurance of a receive buffer 
overflow, it will terminate operations only after 
writing a null header. (In the case of the buffer 
overflow, a partial null header will be written if 
there is not enough space for a full null header, 
but at least one byte of zeros will be written in all 
cases. If the last byte of a full null header is writ- 
ten in the last available byte of a local buffer, an 
overflow will be indicated). If the receiver is 
turned back on, it writes an additional null header 
after the first. This disrupts the relationship be- 
tween the Next Packet and the Receive Pointers. 
If the Receive Pointer is not corrected, a null 
header (or partial null header) will remain in the 
local buffer and in the case of an overflow, infor- 
mation which has not yet been read will be 
overwritten. This problem is avoided as follows: 
Before turning the receiver on under any cir- 
cumstances, start by loading the Receive Pointer 
(to the previous header’s Next Packet Pointer, for 
example), then turn the receiver on. 


Partial Null Headers 


Normally, the null header written at the end of a 
receive packet consists of four bytes at 00 (hex). 
However, an overflow condition may leave insuf- 
ficient memory space to write a complete null 
header. The CS8005 will write a partial null 
header, but in all cases, at least one byte of 00 
(hex) will be written, and the packet’s header will 
be updated. When reading receive packets, if the 
first byte of a header reads as 00 (hex), stop. That 
is sufficient to indicate that there are no more 
receive packets available since 0OOXX cannot be 
an address in the receive buffer (the transmit buff- 
er must be at least 256 bytes). 
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Resetting DMA Pointer After Encountering a 
Null Header 4 % | 


When a null header. is encountered during a | 


memory read, the DMA FIFO will contain 1 to 16 
bytes of old data. When a new packet arrives, the 
null header and following buffer space are over- 
written with new information. The DMA FIFO 


must be reloaded with the correct data. To clear. 


the FIFO and load the current contents of the 
local buffer, set the DMA Pointer to the starting 
address of the newly arrived data. This starting 
address is the Next Packet Pointer of the previous 
header which should be stored in system memory 
to serve this purpose. | 


Reading the Transmit Buffer 


In the Read Mode, the DMA Pointer will not 
wrap around in the Transmit Buffer. Pointer wrap 
around must be implemented in software. Other- 
wise, after reading data at the highest address 
within the Transmit Buffer, the DMA Pointer will 
exit the Transmit Buffer entering the Receive 
Buffer at its lowest address. In the write mode, 
the pointer wraps around automatically. 


Reading the Buffer 
Each time the FIFO Read bit is to be set (Com- 
mand Register, bit 14), or the DMA Pointer is to 


be loaded with a new value, the following 
proceedure must be used. . : | 
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1) Buffer Code (Configuration Register #2, bits 
3-0) should be set to ''8" (Local Buffer). 


2) FIFO Direction (Comand Register, bit 15) 
_ Should be set to""WRITE.” | 


3) If the FIFO is not empty, wait until the write to 
the buffer is complete. 


4) If FIFO EMPTY (Status Register, bit 14 = 1), 
load the new value to the DMA Pointer (if 
necessary). 


5) Set FIFO Direction to "READ" (Command 
Register, bit 15 = 1). 7 


6) Wait for Buffer Window interrupt (indicates 
data in the FIFO is ready). 


7) Read the data. 


A faulty buffer read can occur for either of the 
following circumstances: 


1) - BUSSIZE = 1 (16-Bit mode) 
- Buffer Code not equal to "8" 
- FIFO Read bit set to "1" or DMA Pointer up- 
dated while FIFO direction is READ 
2) - BUSSIZE = 0 (8-bit mode) _ 
- DMA Pointer is updated while FIFO direc- 
tion is READ. | | 
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Semiconductor Corporation 


CS8023A 


Manchester Code Converter 








Features General Description 
® Compliant with ISO/EEE 802.3 and The CS8023A Manchester Code Converter provides the 
Ethernet Rev. 1 Manchester data encoding and decoding functions -of 


the Ethernet Local Area Network physical layer. It inter- 

® Works with the CS8005 and Intel 82586 | faces to the CS8005 CSMA/CD Data Link Controller or 
LAN Controllers to the Intel 82586 LAN Controller and any standard 

; Ethernet transceiver as defined by IEEE 802.3 and 


© Manchester Data Encoding/Decoding __| Finemet Revision 1. 


and Receiver Clock Recovery The CS8023A is a_ functionally complete En- 


coder/Decoder including ECL level balanced driver and 
@ Loopback Capability for Diagnostics receivers, on board oscillator, analog phase locked loop 
and Isolation for clock recovery and collision detection circuitry. In ad- 
dition, the CS8023A includes a 25 millisecond 
® Fail-Safe Watchdog Timer Circuit to watchdog timer, a 4.5 microsecond window generator, 
Prevent Continuous Transmission. and a loopback mode for diagnostic operation. 
Together with the CS8005 and CS83C92C, the 
e Transceiver Interface High Voltage CS8023A provides a high performance minimum cost 
(16V) Short Circuit Protection | interface for any system to Ethernet. 
ORDERING INFORMATION: 
@ Low Power CMOS Technology with Saaipip 
Single SV Supply. CS8023A-P 20-Pin 
CS8023A-L 20-Pin PLCC 











limi . This document contains information for a new product. Crystal 
Preliminaty Product Information Semiconductor reserves the right to modify this product without notice. 
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(Rxt,Txt, COLL +) High Voltage — 
Short Circuit Immunity a -0.3 


“Warning: Operation at or beyond these limits may result in permanent damage to the device. Normal operation is 
not guaranteed at these extremes. 


DC Characteristics (Ta = 0°C to 150°C; Voc = 5V +10%) 
oS | Parameter 
Input Leakage Current (except MODE1, MODE2 
Receive and Collision Pairs) 
MODE1 Input Leakage Current _ (0 < Vin < Voc) 
| Receive and Collision Pairs (Rxt, COLL +) 
Input Leakage Current a. (VIN 



















(0 < Vin < Voc) 














Vec Current | 
| TTL Input Low Voltage 


TTL Input High Voltage _ _ (except X1) 
X1 Input High Voltage | | 






ro) 
oe 
oe. 














TTL Output Low Voltage except TxC (lo. = 2.1 mA) 
TxC Output Low Voltage - | (lol =4.2 mA) | VoL 









TTL Output High Voltage (except RxC, TxC, RxD) (ton = -400 pA) 


costal ch VoH 2.4 
RxC, TxC, RxD Output High Voltage © (toH = -400 pA) | VoH - 3 


9 
Differential Output Swing (78Q Termination Resistor | VopF +0.55 +1.2 
| and 243Q Load Resistors) 


Common Mode Output Voltage (78Q Termination Resistor Vcc -1 
“ _and 2430 Load Resistors) | | 

Txt Backswing Voltage During Idle (Shunt Inductive Load < 27 WH) | Veksv | - | 0.1, 

Input Differential Voltage (measured differentially) : +1.2 

Input Common Mode Voltage oa | Vim | oo | Vec 

Input Capacitance : ae 15 


ee ed 
iN 













© 
—_ 













Output Capacitance 


| p 
Note: 1. Characterized. Not tested 


Specifications are subject to change without notice. 
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A.C. Test Conditions 

Outpui Loading TTL Output... ... =. =. +. +. 17TL gate and 20 pF capacitor 

DifferentialOutput . . ..... 2. =... . .243Q resistor and 10 pF capacitor from each pin to Vss and 
a termination 78Q resistor load resistor in parallel with a 
27 wH inductor between the two differential output pins 

Differential Signal Delay Time Reference Level . . 50% point of swing 

Differentia! Output Rise and Fall Time ... . . . 20%to 80% points 

RxC, TxC, X1 HighandLowTime ... . . . . Hightime measured at 3.0V 
Low time measured at 0.6V 

RxD, RxC, TxC, X1 Rise and Fall Time .. . . . Measured between 0.6V and 3.0V points 

TTL Input Voltage (except X1) . . ... . . . . 0.8V to 2.0V with 10ns rise and fall time 

X1 Input Voltage .......2.2.2. 2... .0.8V to 3.5V with 5ns rise and fall time : . 

Differential Input Voltage ...... =. =. +... . Atleast +300mV with rise and fall time of 10ns measured 


between -0.2V and +0.2V 


20 MHz TTL Clock Input Timing (Ta=0 °C to 70 °C; Vec=5V+10%) 
Parameter 


X1 Low Time 


X1 Rise Time 





X1 


TxC 


USA {5A 


Figure 1. 20 MHz TTL Clock Timing 





DS65PP1 oe 7-55 


7 a a a on 
DeSsreaL os  ©88023A 





Transmit Timing (Ta = 0°C to 70°C; Voc = 5V+10%) 
[~*~*é~‘“‘*;‘;*éRrameter=—=== «| “Symbol | 
Tx Cycle Time — -_ (Note 2) 
51 aa 
Ste 
| to | 








99.99 100.01. 





TxC Rise Time (Note 2) 
| Tx€ Fall Time 


TxEN Setup Time if Mode 2=0 
TxEN Setup Time if Mode 2=1 


TxD Setup Time if Mode 2=0 
TxD Setup Time if Mode 2=1 













me a 
_ 
— 













100.5 
90.5 


ar; oh 
ao}; o11© 


49.5 


Tx+ and Tx - Rise Time _ (Note 2 Fons 
Tx+ and Tx - Fall Time (Note 2 eed ons | 
Transmit Active Time From The Last 417 200 

Positive Transition : 






From Last Positive Transition of the t17A | 400 
Transmit Pair to Differential Output 
Approaches within 100 mV of 0 V 


From Last Positive Transition of the 
Transmit Pair to Differential Output 
Approaches within 40 mV of 0 V (Note 2) 


Tx+ and Tx- Output Delay Time 
TxD Hold Time if Mode 2=0 
TxD Hold Time if Mode 2=1 
TxEN Hold Time if Mode 2=0 
TxEN Hold Time if Mode 2=1 


NOTE: 2. Characterized. Not tested. 


ns 







(Note 2) 












t17B 7000 









N 
oO 


wl, wt. 
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etlalendond 7+ CS8023A 
MODE2 = 0 t7 t419 tg 
aie PANNA ISL 
2 44 
TxEN [1] 





t42 





ae " | " LAST 
BIT"0/1" 









TxD 
t17B 
t17A 
: — 
418 13 b14 Das 
—7 amie! 
Txt LASTBITO (-) — 
(+) - (+) 
1 l 0 | 
| oe 
a 
wsrems (9 Zl KX X 
\ (+) 
1 a 


re 
Figure 2. Transmit ies . 





Tx (-) — 


t16 
Tx (4) 5 as = ~ ae eee ee 
LAST BIT = 1 X (+) k i \ f 
a a a ‘ke ee ee es ee 


Note: 1. If MODE2=1, TxEN becomes active low signal TxEN 
Figure 3. Transmit Timing 
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Symbol 


SN Assert Delay Time 


CSN Deasserts Delay Time (measured 
from Last Bit eee) 
CSN Hold Time 





CSN Set up Time 
CSN Deassertion Delay Time oR 


RxD Hold Time t25A 


RxD Set up Time 
RxC, RxC Rise and Fall Time (Note 2) a 


During Clock Switch RxC Keeps High, 
RxC Keeps Low Time (Note 2) 


RxC, RxC High and Low Time 


RxC, RxC Clock Cycle Time (during) 
Data Period (Note 2) 








CSN Inhibit Time vn Transmission 
Node only) | 


Rx+/Rx— Rise and Fall Time 


RxC Held Low Duration from First Valid 
Negative- -Going Transition (Note 2) 


RxC Stops Delay Time from First Valid 
Negative-Going Transition 


Rx+/Rx— Begin Return to Zero vem Last 
Positive-Going Transition (Note 2) 


RxD Rise Time (Note 2) pgs 
| ee 


RxD Fall Time (Note 2) 








ST ES SS RS SESS AEP PP SE 23. 
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toy t34 


my Le a Se ae Oe ee 
Rx(-) 1 (+) - ee (+) -) A A. 
{314 















MODE 2 = 0 
CSN / 
tog to7 
Rxc | V/ \ = 
t t 
t 23. 35 
ese RxC FOLLOWS TxC 
RxD : 
t 
MODE 2 =1 tat a2 
CSN 
t30 __—— 
RxC / 
33 t25B 


to5A tag 


| RxD \ . i | 
NOTE: 1. Characterized. Not tested. a 


Figure 4. Receive Timing — Start of Packet 


mene IN PN 


t34 
a5 a ae S Fo 
rx) elt 0) 
(LAST BIT = 0) to3A to3R 
CSN | —_ 





aa PX\P\LIN mm alaces 


Rx(-) — 
(LAST BIT = 1) 


MODE 2 =1 








CSN 


RxD / 
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t30 








Figure 5. Receive Timing — End of Packet 
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Collision Timing (Ta=0 °C to 70°C; |; Veo=5V +10%) 
| Parameter | Symbol | Min 
FCOLLCIGOLL-CycleTime ——SSSCS~dSCitss S| 


COPPHCOES Width (measured at -0.3 V) 


a ae 
pote fs 
re 
jColLAssertsDelayTime fits | 
a 
a 
ae a 


















COLL Deasserts Delay Time © 
CSN Asserts Delay Time | 
CSN Deasserts Delay Time 


Notes: 3. COLL+ and COLL- asserts and deasserts COLL, asynchronously, and asserts and deasserts CSN 
~ synchronously with RxC. 
4. If COLL+ and COLL - arrives within 4.51s from the time CSN was deasserted; CSN will not be 
reasserted (on transmission node only). 
. When COLL+ and COLL- terminates, CSN will not be deasserted if Rx+ and Rx- are still active. 
. When the node finishes transmitting and CSN is deasserted, it cannot be asserted again for 4.5 aad 
. lf MODE 2=1, then COLL and CSN are inverted. 





NO O1 


MODE 2=0 
COLL(+). 


COLL(-) 


COLL 





CSN 


Figure 6. Collision Timing 
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Note: 8. PLL needs 12-bit cell times to aquire lock, RxD is invalid during this period. 
RxC is low for 1.35 us (max) if MODE2 = 1. RxD = 0 if MODE2 = 0. RxD = 1 if MODE2 = 1. 


MODE 2=0 


LPBK/WDTD 


ae eae ) | \ 
J \ 





t61 i tego ae 
N\ 
TXEN . 
, \ 
| "4 ww | "QO" | "4 " | "0" | "QO" | "4 é | | "4 " | 
TxD AN | \ _f (Last Bit) 
COLL ~ 
_ 
(Note 8) 
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Figure 9. CS8023A System Connection Diagram 
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Functional Description 


The CS8023A Manchester Code Converter chip 
has two portions, transmitter and receiver. The 
transmitter uses Manchester encoding to combine 
the clock and data into a serial stream. It also 
differentially drives up to 50 meters of twisted 
pair transmission line. The receiver detects the 
presence of data and collisions. The CS8023A 
recovers the Manchester encoded data stream and 
decodes it into clock and data outputs. 
Manchester Encoding is the process of combining 
the clock and data stream so that they may be 
transmitted on a single twisted pair of wires, and 
the clock and data may be recovered accurately 
upon reception. Manchester encoding has the 
unique property of a transition at the center of 
each bit cell, a positive going transition for a "1", 
and a negative going transition for a "0" (See Fig- 
ure 11). The encoding is accomplished by 
exclusive-ORing the clock and data prior to trans- 
mission, and the decoding by deriving the clock 
from the data with a phase locked loop. 
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Clock Generator 


The Internal oscillator is eGnnoied by a 20 MHz 
parallel resonant crystal or by an external clock 
on X1. The 20 MHz clock is then divided by 2 to 
generate a 10 MHz +0.01% transmitter clock. 
Both 10 MHz and 20 MHz clocks are or in 
Manchester data encodin g. 


Manchester E ncoder and Differential Output 
Driver | 


The encoder combines clock and data information 
for the transceiver. In Manchester encoding, the 
first half of the bit cell contains the complement 
of the data and the second half contains the true 
data. Thus, a transition is always guaranteed in 
the middle of a bit cell. 


Data encoding and transmission begin with TxEN 


going active; the first transition is always positive 
for TX- and negative for TX+. In IEEE mode, at 
the termination of a transmission, TxEN goes in- 
active and transmit pair approach to zero 
differential. In Ethernet mode, at the end of the 
transmission, TxEN goes inactive and the trans- 
mit pair stay differentially high. The transmit 
termination can occur at bit cell center if the last 
bit is a one or at a bit boundary if the last bit is a 
zero. To eliminate DC current in the transformer 
during idle, Txt is brought to 100 mV differential 
in 600 ns after the last transition (EEE mode). 
The back swing voltage i is guaranteed to be less 
than 0.1 V. 







SERIAL 
DATA 


TRANSMITTED 
DATA 
(MANCHESTER 
ENCODED) 





Figure 11. Manchester Coding 


Watchdog timer 


A 25 ms watchdog timer is built on chip. It can 
be enabled or disabled by the LPBK/WDTD sig- 
nal. The timer starts counting at the beginning of 
the transmission. If TxEN goes inactive before 
the timer expires, the timer is reset and ready for 
the next transmission. If the timer expires before 
the transmission ends, transmission is aborted by 
disabling the differential transmitter. This is done 
by idling the differential output drivers (differen- 
tial output voltage becomes =O) and deasserting 





CSN. 


Differential Input Circuit (Rx+ and Rx-, 


~COLL+ and COLL-) 


As shown in Figure 12, the differential input for 
Rx+ and Rx- and COLL+ and COLL- are exter- 
nally terminated by a pair of 39.2Q +1% resistors 
in series for proper impedance matching. 


The center tap has a 0.01 {UF capacitor, tied to 
ground, to provide the AC common mode im- 
pedance termination for the transceiver cable. 


Both collision and receiver input circuits provide 
a static noise margin of -140 mV to -300mV 
(peak value). Noise rejection filters are provided 
at both input pairs to prevent spurious signals. 
For the receiver pair, the range is 15 ns to 30 ns. 
For the collision pair, the range is 10 ns to 18 ns. 
The D.C. threshold and noise rejection filter as- 
sure that differential receiver data signals less 


than -140 mV in amplitude or narrower than 15ns 


(10 ns for collision pair) are always rejected, sig- 
nals greater than -300 mV and wider than 30 ns 
(18 ns for collision pair) are always accepted. 


Manchester Decoder and Clock Recovery 
Circuit 


The filtered data is processed by the data and 
clock recovery circuit using a phase-locked loop 
technique. The PLL is designed to lock onto the 
preamble of the incoming signal with a transition 
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Figure 12. Differential Input Terminator 


width asymmetry not greater than +8.25ns to 
-25ns within 12 bit cell times worst case and can 
sample the incoming data with a transition width 
asymmetry of up to +8.25 ns to -8.25 ns. The 
RxC high or low time will always be greater than 
40 ns. If MODE2 1s high or floating, RxC will be 
held low for 1.2 Us maximum while the PLL is 
acquiring lock. If MODE2 is low, RxC follows 
TxC for the first 1.2 us and then switches to the 
recovered clock. In addition, the En- 
coder/Decoder asserts the CSN signal while it is 
receiving data from the cable to indicate the 
receiver data and clock are valid and available. 
At the end of the frame, after the node has 
finished transmitting, CSN is deasserted and will 
not be asserted again for a period of 4.5 us 
regardless of the state of the state of the receiver 
pair or collision pair. This is called the inhibit 
period. There is no inhibit period after packet 
reception. During clock switching, RxC may stay 
high for 200ns maximum. 


Collision Circuit 


A collision on the Ethernet cable is sensed by the 
transceiver. It generates a 10 MHz +15% dif- 
ferential square wave to indicate the presence of 
the collision. During the collision period, CSN is 
asserted asynchronously with RxC. However, if a 
collision arrives during inhibit period 4.5 us from 
the time CSN was deasserted, CSN will not be 
reasserted. 


Loopback 


In loopback mode, encoded data is switched to 
the PLL instead of Tx+/Tx- signals. The 


recovered data and clock are returned to the 
Ethernet Controller. All the transmit and receive 
circuits, including noise rejection filter, are tested 
except the differential output driver and the dif- 
ferential input receiver circuits which are disabled 
during loopback. At the end of frame transmis- 
sion, the CS8023A also generates a 650 ns long 
COLL signal 550 ns after CSN was deasserted to 
simulate the IEEE 802.3 SQE test. The watchdog 
timer remains enabled in this mode. 


Compatibility with Other LAN Controllers 


Crystal’s CS8023A is compatible with other LAN 
Controllers, such as the 82586, when Pin 2 
(MODE2) of the CS8023A is floating or tied to 
Vcc. In this mode of operation, timing and 
polarity on the controller interface lines are com- 
patible, with the 82586 specifications dated 
March 1984. 


Use of Time Domain Reflectometry in the 82586 
is not recommended since the TDR transmission 
does not have a valid preamble. 


Crystal Specification 
Resonant Frequency (CL=20 pF) .. . 20 MHz 
+0.005% 0-70 °C 
and +0.003% at 25 °C 
VG) i 63a a: Bees we Se Fundamental Mode 
CiCUIEs, 2 aro. or St ee Parallel Resonance 
Load Capacitance (CL) ........... 20pF 
Shunt Capacitance (CO) ....... 7pF Max. 
Equivalent Series Resistance (R1) . . 25Q Max. 
Motional Capacitance (C1) ... . .0.02 pF Max 
Drive Level’ <5. h-4 8 Sn. Be ee eS 2mW 

XAG y 
% 


Figure 13. Equivalent circuit of crystal 
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CS8023A 
Pin Descriptions 
- MODE1 [11 201] Veco 
MODE2 [|2 | 19 [|] Tx+ © 
LPBK/WDTD [13 181] Tx- 
Rx+ [14 71) TxD 
Rx— [15 ©S8023A 161 Tx¢ 
(CSN) CSN [16 15 [] TxEN (TxEN) 
(COLL) COLL [17 147] x1 
— (RxC) RxC [18 13 |] X2 
RxD 19 4121] COLL+ 
Vss [|10 | 11 {] COLL- 
MODE1 
MODE2 Vcc 
LPBK/WDTD Tx+ 
Rx+ Tx 
Rx- F - TxD 
aan | CS8023A } ee 
- (COLL) COLL TxEN (TXEN) _ 
(RxC) RxC a /— xt 
RxD X2 
Vss COLL+ 
COLL- 
Power Supply and Clock 


Vcc - Power Supply, Pin 20 
| +5V 


Vss - Ground, Pin 10 
Ground reference 


X1 and X2 clock (Inputs), Pins 14 and 13 | 
Clock Crystal: 20 MHz crystal oscillator input. Alternately, pin X1 may be used as a TTL level 
input for external timing by floating pin X2. | 
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Controller Interface — 


RxC (RxC) - Receive Clock (Output), Pin 8 
This signal is the 10 MHz (nominal) recovered clock from the phase decoder circuit. It 1s 
switched to TxC when no incoming data is present from which a true receive clock is derived. 
RxC is MOS and TTL compatible. If the MODE2 signal is high, RxC is inverted (RxC) and 
there is a 1.25 Usec discontinuity at the beginning of frame reception. 


RxD - Receive Data (Output), Pin 9 
The RxD signal is the recovered data from the phase decoder. During idle periods, the RxD pin 
is LOW under normal conditions. However, if the MODE2 signal is HIGH, the RxD output will 
be HIGH during idle. RxD is TTL and MOS level compatible. RxD is active HIGH. 


CSN (CSN) - Carrier Sense (Output), Pin 6 
The Carrier Sense Signal indicates to the controller that there is activity on the coaxial cable. It is 
asserted when receive data is present or when a collision signal is present. It is deasserted at the 
end of frame or at the end of collision, whichever occurs later. It is asserted or deasserted 
synchronously with RxC. TTL compatible. CSN is normally active HIGH, unless MODE2 is 
HIGH, in which case CSN is active LOW. 





TxC - Transmit Clock (Output), Pin 16 
A 10 MHz signal derived from the internal oscillator. This clock is always active. TxC is TTL 
and MOS level compatible. 


TxD - Transmit Data (input), Pin 17 
TxD is the NRZ serial input data to be ememined: The data is clocked into the CS8023A by 
TxC. TxD is active HIGH and TTL compatible. 


TxEN (TXEN ) - Transmit Enable (Input), Pin 15 
Transmit Enable, when asserted, enables data to be sent to the cable. It is asserted synchronously 
with TxC. TxEN goes active with the first bit of transmission. TxEN is TTL compatible. If 
MODE? is HIGH, TxEN is inverted. 


COLL (COLL) - Collision (Output), Pin 7 
When asserted, this pin indicates to the controller the simultaneous transmission of two or more 
stations on network cable. COLL is TTL Compatible. If MODE2 is HIGH, COLL is inverted. 


Transceiver Interface 


Rx+ and Rx- - Differential Receiver Input Pair (Input), Pins 4 and 5 
Differential receiver input pair which brings the encoded receive data to the Cs8023A. The last 
transition is always positive-going to indicate the end of the frame. 
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COLL+ and COLL- - Differential Collision Input Pair (Input), Pins 12 and 11 
This is a 10 MHz +15% differential signal from the transceiver indicating collision. The duty 
cycle should not be worse than 60%/40% - 40%/60%. The last transition is positive-going. This 
signal will respond to signals in the range of 5 MHz to 11.5 MHz. Collision signal may be 
asserted if MAU not available’ signal is present. : 


Tx+ and Tx- - Differential Transmit Output Pair (Output), Pins 19 and 18 
Differential transmit pair which sends the encoded data to the transceiver. The cable driver 
buffers are source follower and require external 243Q resistors to ground as loading. These 
resistors must be rated at 1 watt to withstand the fault conditions specified by IEEE 802.3. If 
MODE 1=1, after 200 ns following the last transition, the differential voltage is slowly reduced to 
zero volts in 8 [1s to limit the back swing of the coupling transformer to less than 0.1 V. © 


Miscellaneous 


MODE1 - (Input), Pin 1 i , 
This pin is used to select between AC or DC coupling. When it is tied high or left floating, the 
output drivers provide differential zero signal during idle EEE 802.3 specification). When pin 1 
is tied low, then the output is differentially high when idle (Ethernet Rev.1 specification). 


MODE2 - (Input), Pin 2 | 
The MODE2 Input signal is normally active LOW. In this configuration, the CS8023A operates 
in a mode compatible with the Crystal CS8005. An alternate mode of operation may be achieved 
by configuring the MODE signal active HIGH, or by allowing it to float HIGH with its internal 
pullup. In this configuration, RxC, TxEN, CSN and COLL become active LOW. In addition, 
RxD is HIGH during idle, and RxC has 1.2 jis discontinuity during signal acquisition. 


LPBK/WDTD - Loopback/Watchdog Timer Disable (Input), Pin 3 | 
Normal Operation: For normal operation this pin should be HIGH or tied to Vcc. In normal 
operation the watchdog timer is enabled. - 


Loopback: 

When this pin is brought low, the Manchester encoded transmit data from TxD and TxC is routed 
through the receiver circuit and sent back onto the RxD and RxC Pins. During loopback, 
Collision and Receive data inputs are ignored. The transmit pair is idled. At the end of 
transmission, the signal quality error test (SQET) will be simulated by asserting collision during 
the inhibit window. During loopback, the watchdog timer is enabled. 


Watchdog Timer Disable: 

When this pin is between 10 V (Min.) and 16 V (Max.), the on chip 25 ms Watchdog Timer will 
be disabled. The watchdog timer is used to monitor the transmit enable pin. If TxEN is 
asserted for longer than 25 ms, then the watchdog timer (if enabled) will automatically deassert 
CSN and inhibit any further transmissions on the Tx+ and Tx- lines. The watchdog timer is 
automatically reset each time TxEN is deasserted. 
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Features 


@ Implemented in High Voltage Low 
Power CMOS 


Fully Compatible with National 
DP8392A and DP8392B 


Compliant ISO/IEEE 802.3 10Base5 
(Ethernet) and 10Base2 (Cheapernet) 


All Transceiver Functions Integrated 
Except Signal and Power Isolation 


Squelch Circuitry Rejects Noise 


CD Heartbeat Externally Selectable 
Allowing Operation with IEEE 802.3 
Compatible Repeaters 


® Receive Mode Collision Detection 
® Standard 16-pin DIP Package 


General Description 


The CS83C92C Ethernet Transceiver interfaces an 
Ethernet or Cheapernet Local Area Network (LAN) to a 
LAN Adapter board, and may be located up to 50 
meters from the station equipment. The Transceiver 
operates with the Crystal LAN components CS8005 
Ethernet Data Link Controller and the CS8023A Serial 
Interface Adapter. The CS83C92C is fully compatible 
with the DP8392A/B but the CS83C92C is built in 
CMOS technology (hence the 83"C"92) and is com- 
pliant with ISO/IEEE 802.3 (hence the "C" suffix). 


For an Ethernet network, the CS83C92C Transceiver is 
mounted on the Ethernet COAX cable, and connects to 
the station equipment through an AUI cable. In a 
Cheapernet network, the CS83C92C Transceiver is 
usually mounted on the LAN adapter in the station 
equipment, where it connects to the Cheapernet COAX 
through a BNC connector. 


ORDERING INFORMATION: 
Contact Crystal Semiconductor. 
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Prelimina ry Product Information This document contains information for a new product. Crystal 
Semiconductor reserves the right to modify this product without notice. 


Crystal Semiconductor Corporation 
P.O. Box 17847, Austin, TX 78760 
(512) 445 7222 Fax: (512) 445 7581 
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ABSOLUTE MAXIMUM RATINGS OO 


DC Supply (referenced to ground) a 
Package Power Rating at 25°C (Note 1) 


Input Voltage 
VO Current 3 





















(RXI, RR+, TX+, TX-, CDS, HBE) 
— (TXO) 
(CD+, CD-, RX+, RX-) 






(Note 2) 


Ambient Operating Temperature 

















Storage Temperature 
ESD Protection | (All pins) 


WARNING: Operation at or beyond these limits. may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. . 

Notes: 1. Plastic DIP package only, package is PC board mounted. Derate at the rate of 28.6 mW/°C. 
2. Transient currents of up to 200mA will not cause SCR latch-up. 





ELECTRICAL CHARACTERISTICS (Ta = 0° to 70°C, VEE = -9.0V 15%, GND = OV, 
CD+, RX+ pull downs = 510Q) | 










Sba 
Recommended Supply Voltage | , 


Supply Current (Vee to GND) | Nontransmitting 
— Transmitting 


vec [- 
-100 -130 
Receiver Input Bias Current (RXI) 
Vep 
Vop 
Voc 
VoB 
VTs | 
Cx 
100 





| 9.0 | 
| Veo | 
Differential Output Voltage (RX+, CD+) (Note3)| Von | +475 | - | 41300_ 
Lo. |e 
| 240 


DC Common Mode Output Voltage (RX+, CD+) (Note 


cS 


) 
+40 


| Units 
a 
mA 

37 | 45 | ma | 

Transmitter Output AC Current (TXO) 
Collision Threshold (Receive Mode) -1.53 | -1.58 | Vv | 
: mv 

| 

ae mv 

| mv 


Idle State Differential Offset Voltage (RX+, CD+) 7 


| Voc | 

| Vos a 
Transmitter Squelch Threshold (TX) (Note 5) | Vs | -175 | -225 | -300 | 

ox 


Input Capacitance (RXI) ep ae ee 
Shunt Resistance - Nontransmitting (RXI) | Raxi | 100 | - | - | | 
Shunt Resistance - Transmitting | Rro | 10) | = fe 


Notes: 3. Improved Spec. compared to 8392A and B - as required to meet ISO/IEEE 802.3 specifications. | 
4. Voc has no impact on system performance since twisted pairs are transformer isolated. 
5. For a minimum pulse width of > 40'ns. | | 


Typ 

=| 

Transmiter Output DC Current (T XO) Toc 5 
1.2 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 


DC Supply Voltage, VEE (GND = OV) 


Operating Temperature 


RR+ Resistor 





SWITCHING CHARACTERISTICS (Ta = 0° to 70°C, VEE = -9.0 V +5%, GND = OV, 
CD+, RX+ pull downs = 510Q 











) 
= 


Receiver Propagation Delay (RXi to RX+) | tra | 
Differential Outputs Rise Time (RX+, CD+) | ter | 











tRr 
Differential Outputs Fall Time (RX+, CD+) | tar | | 
Receiver and Cable Total Jitter tRJ 
Transmitter Start-up Delay (Note 6, 7) 


Transmitter Propagation Delay 5 
Transmitter Rise Time - 10% to 90% (TXO) (Note 6) 20 
Transmitter Fall Time - 10% to 90% (TXO) (Note 6) 20 
Transmitter Skew (TXO) (Note 8) ee 
6 
ansmitTurot ely =i corr | ta | «dC 
[eotsion Tuo Dey —*d owe 


a 
Collision Frequency (CD+) (Note 6) ) foe | 85 | - | 
Collision Pulse Width (CD+) (Note6)| tcp | 40 | - | 

lea 





















— 
[CO Heanbeat Delay Tet CD) SSCL Ce | = 
ms 


Jabber Reset Timeout (TX+ to TXO and CD+) 


Notes: 6. Improved Spec. compared to 8392A and/or B - as required to meet ISO/IEEE 802.3 specifications. 
7. The third bit may have code violations. Fourth and subsequent bits transmitted according to spec. 
8. Difference in propagation delay in outputing a positive edge as opposed to a negative edge. 
9. For minimum pulse amplitude of > -300mV. 
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Figure 2. Transmitter Timing 





Figure 3. Collison Timing and Test Circuit 
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Figure 4. Heartbeat Timing 
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Figure 5. Jabber Timing 
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THEORY OF OPERATION 


The CS83C92C interfaces the LAN station equip- 
ment to an Ethernet or Cheapernet COAX cable. 
The CS83C92C transmitter provides the current 
drive and pulse shaping required to drive signals 
onto the COAX, as well as squelch for signals 


received from the transmit pair, TX+. The | 


receiver section provides equalization and 
squelch for signals on the COAX. Collisons are 
continually monitored and indicated by a 1OMHz 
clock output on the CD+ pair. The device also has 
a jabber timer which disables the transmitter and 
signals the DTE if packets longer than the legal 
length are transmitted. 


In an Ethernet LAN, the CS83C92C mounts on 
the COAX cable, and connects to the station 
equipment through a transceiver drop cable (AUI 
cable). The transceiver drop cable can be up to 50 


meters long. For Cheapernet applications, the 


CS83C92C is usually located in the station equip- 
ment, and connects to the Cheapernet COAX 
(such as RG58) through a BNC connector. 


Transmitter 


The transmitter accepts differential signals at the 
TX inputs from the Manchester Code Converter, 
and drives these signals onto the network from 
the TXO output at the signal levels required by 
IEEE 802.3. 


The TXO pin is open drain, and is pulled up to 
ground by the COAX termination resistors. The 
rise and fall times of the output pulses are inter- 
nally conditioned to achieve slew rates of 25ns to 
reduce harmonics in the transmitted signal. Out- 
put drive current levels are set by a bandgap 
voltage reference and an external 1kQ 1% resistor 
connected between the RR+ pins. When not 
transmitting, the TXO output is disabled to 
prevent noise on the network. An external 1N916 
diode must be added to reduce loading and 
Capacitance (in both powered and unpowered 
conditions) to comply with ISO and IEEE 
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specifications. With the diode in place, the tap 
capacitance contributed by the CS83C92C is typi- 
cally less than 2 pF. 


The transmit squelch circuit blocks signals input 
from TX+ with pulse widths of less than 15ns or 
amplitudes of less than -175mV. The squelch cir- 
cuit turns the transmitter off if the signal stays 
more positive than -175mV for more than 190ns 
(end of packet detection). 


The TX+ pins are transformer coupled to the 
Manchester Code Converter. In Ethernet applica- 
tions where a transceiver drop cable (or Access 
Unit Interface, AUI) is used, a 78Q resistor 
should be placed across the end of the cable, near 
the transformer. This resistor may be eliminated 
for Cheapernet applications where no AUI cable 


is used. 


Receiver 


The receiver input, RXI, connects to the COAX 
center conductor. The CS83C92C amplifies and 
equalizes the input signal and passes signals 
which exceed the receiver squelch level to the 
Receiver Pair, RX+. Up to five bits may be 
received at RXI and not transmitted on the RX+ 
pair. The sixth bit will be transmitted, but may 
have code violations. The seventh and subsequent 
bits will be transmitted according to specificaton. 


The receiver squelch circuit prevents false trig- 
gering of the receiver due to noise on the COAX. 
Signals input to the RXI pin that cause the output 
of an internal low-pass filter to exceed 
-140mVpc (typical) will exceed the DC squelch 
level, and be passed through to the RX+ pair. 
Should the positive pulse width exceed 
200ns (typical) the receiver will turn off (end of 
packet detection). The receiver will stay off if the 
output of the low-pass filter rises above the 
squelch threshold within 1s. 


RX+ comprise a differential line driver which in- 
terfaces to the Manchester Code Converter via an 
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isolation transformer. RX+ go to a differential 
zero state when idle to prevent DC current from 
saturating the isolation transformer. 


For Ethernet applications, the RX+ pins are tied 
to the VEE supply through 500Q or 510Q resis- 
tors. In Cheapernet applications, the CS83C92C 
is generally located on the same card as the 
Manchester Code Conveter, and 1500Q pull- 
down resistors may be used to reduce power 
consumption. 


Collison Detection 


The collison detector monitors the COAX center 
conductor and senses the voltage conditions in- 
dicative of a collison. A collison can be detected 
when two or more stations are concurrently trans- 
mitting, whether or not the local transmitter is 
activated. The detector signals a collison by send- 
ing a 1OMHz clock signal out on the Collison 
Pair, CD+, to the Manchester Code Converter. 


The CDS pin provides a coaxial ground reference 
voltage for the collision detector. This pin should 
be connected to the shield of the COAX, rather 
than power supply ground, to prevent inac- 
curacies due to ground drops. A collison is 
detected when the output voltage of the receiver 
low-pass filter exceeds the collison voltage 
threshold, Vcp. 


The 10MHz clock is internally generated, and 
used for collison indication and the heartbeat test. 
This oscillator requires no external components. 


If enabled (HBE high), the Heartbeat Test will 
cause transmission of the 10MHz clock on the 
CD+ pair for 1.Ous, 1.1us after the end of each 
transmission if: both the transmitter and receiver 
were enabled; there was not a collision detected; 
jabber has not occured. 


For Ethernet applications, the CD+ pins are tied 
to the VEE supply through 500Q or 510Q resis- 
tors. In Cheapernet applications, the CS83C92C 
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is generally located on the same card as the 
Manchester Code Converter, and the use of 
1500Q pull-down resistors will reduce power 
consumption. 


Jabber Timer 


The Jabber Timer monitors the operation of the 
transmitter using an internal oscillator as a time 
base. If the transmitter operates continuously for 
more than 80ms, the jabber timer disables the 
transmitter and enables the Collison Detector out- 
puts. The Jabber Timer continues to monitor the 
transmitter squelch output. After the Manchester 
Code Converter has been silent for 75Oms, the 
output on CD+ is terminated, and the transmitter 
is reenabled for the next valid packet. 


P. C. Board Layout 


The CS83C92 is built in CMOS technology. It 
consumes and dissipates far less power than 
equivalent bipolar circuits. Still, heat dissipation 
and device reliability will be improved if the VEE 
pins are connected to a copper plane on the PC 
board. 
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_ Figure 7. CS83C92C System Connection Diagram 


For Ethernet applications, the isolation trans- 
formers, the DC to DC converter, and the 
transceiver are located in the Transceiver assemb- 
ly, attached to the COAX. For Cheapernet 
applications, these components are usually 
mounted on the same board as the Manchester 
Code Converter (CS8023A) and Data Link Con- 
troller (CS8005). The 78Q and 39.2Q load 
resistors terminate the AUI cable, and are not re- 
quired in systems where the AUI cable is not used 
(where the distance between the CS8023A and 
Transceiver is short). 
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PIN DESCRIPTIONS 
Collison Detect Output + CD+ CDS Collison Detect Sense 
Collison Detect Output - CD- TXO Transmitter Output 
Receive Data Output + RX+ RXIi Receive Input 
Negative Power Supply VEE VEE Negative Power Supply 
Negative Power Supply VEE RR- External Resistor - 
Receive Data Output - RX- RR+ External Resistor+ _ 
Transmit Data Input+ TX+ GND Ground 
Transmit Data Input - TX- HBE Heartbeat Enable 
CDS 
CD+ TXO 
CD- NC 
RX+ RXI 
VEE VEE 
VEE VEE 
VEE —~_| v7 NEE 
VEE ——Ls 221—— VEE 
VEE—“7” 11\— VEE 
VEE VEE 
VEE RR- 
RX- RR+ 
TX+ GND 
TX- GND 





Power Supplies 


VEE - Negative Power Supply, Pins 4, 5 and 13. - 


The -9V supply is connected to these pins. A 0.1u.F decoupling capacitor should be connected 
between this pin and GND. | | 


GND - Ground, Pin 10. 
Power supply ground; connects to COAX shield. 


DS63PP1 7-77 


7 a A A a | a 
waa on — CS83C92C 





(Inputs 

TX+, TX- - Transmit Inputs, Pins 7 and 8. 
Balanced differential line receiver which accepts the signal from the Manchester Code Converter. 
Signals exceeding transmitter squelch limits are output at TXO with the proper pulse shape. The 
common mode voltage on TX+ is internally set and must not be externally established. 


RXI - Network Receiver Input, Pin 14. | 
Connects to the COAX center conductor. Signals meeting receiver squelch limits are recovered 
and output on RX+. RXI also detects the collison voltage level. | 


Outputs | 
CD+, CD- - Collison Outputs, Pins 1 and 2. 

_ A balanced differential output which drives an internally generated 10MHz signal to the station 
equipment when a collison is detected, when excessive transmission occurs, or during a CD 
heartbeat condition. These outputs are open source: when driving a 78Q transmission line, these 
pins should be pulled to VEE with 500Q or 510Q resistors; for Cheapernet applications, where 
the CS83C92C is not driving a 78Q load, use of 1.5kQ resistors will save power. 


RX+, RX- - Receive Data Outputs, Pins 3 and 6. | | 
A balanced differential output which drives the data recovered from the network to the MCC. 
These outputs are open source: when driving a 78Q transmission line, these pins should be pulled 
to VEE with 500Q or 510Q resistors; for Cheapernet applications, where the CS83C92C is not. 
driving a 78Q load, use of 1.5kQ resistors will save power. 


Control 


HBE - Heartbeat Enable, Pin 9. 
When the HBE pin is connected to ground, the Collision Detect Heartbeat test is enabled. 
Connecting the HBE pin to VEE disables the Collision Detect test. 


RR+, RR- - External Resistor, Pins 11 and 12. | 
A 1kQ, 1% resistor should be connected across these pins to set internal operating current levels. 


CDS - Collision Detect Sense, Pin 16. 
The CDS pin connects directly to the COAX shield, providing a reference for the collision 
detection voltage level. 


Miscellaneous | 


NC - No Connect, Pin 27 (PLCC only). 
This pin should be left floating. 


7-78 © _ DS63PP1 


Fp — Pf | CONTENTS 





GENERAL INFORMATION 





DATA ACQUISITION: DATA ACQUISITION PRODUCTS 


Analog-to-Digital Converters 
Digital-to-Analog Converters 
Track and Hold Amplifiers 
Filters 

Voltage References 

AES/EBU Transmitter/Receivers 


TELECOM: T1/PCM-30 


Analog Line Interfaces 
T1 Framers 
Quartz Crystals 





T3/E3/SONET ANALOG RECEIVERS 
JITTER ATTENUATORS 


DTMF RECEIVERS 


DATACOM: ETHERNET/CHEAPERNET IC’s 


FIBER OPTIC TRANSCEIVERS 


Up to 256 kHz Rate/RS232/ISDN 
Up to 2.048 MHz Rate/T1/PCM-30 





LED’s 
SUPPORT IC’s: POWER MONITOR 
MISCELLANEOUS: EVALUATION BOARDS| 
APPLICATION NOTES 
APPENDICES | 





Reliability Calculation Methods 
Package Mechanical Drawings 


SALES OFFICES 








aa a 7+ _ FIBER OPTIC TRANSMITTER/RECEIVERS 





INTRODUCTION 


Crystal Semiconductor has dramatically cut the cost for fiber optic links with new low-cost bi-direc- 
tional OPTIMODEMS™. The CS8123 and CS8124 support full-duplex voice and data communica- 
tions at speeds to 256 kbps, while using just one fiber optic cable, with a single LED at each end. The 
CS8125 and CS8126 transmitter replace eae hybrids with CMOS IC’s to provide T1 links over a 
fiber pair. — 


Applications for the family of optical data links include: secure (TEMPEST) communication of voice 
and data at ISDN data rates, communication in electrically noisy environments such as a factory floor, 
links where the physical size and weight of cables and connectors are a concern, and interbuilding 
connections which require lightning immunity. 


Also available is the CS8127 LED, which is a light emitting/detecting diode (LED). It’s high optical 
efficiency and good responsivity make it ideal for use with the CS8123/4 OPTIMODEM™. 


USER’S GUIDE 


Device: | ~ €58123. CS8124 CS8125 | CS8126 
| OPTIMODEM | OPTIMODEM | T1 Transmitter | T1 Receiver 


Maximum Data Rate ee 7 8 
Synchronous a 256 kbps 1.544MHz | 1.544 MHz 


>. -Asynchronous | 384kHz | 38.4kHz. 
Maximum Range ~1.3km- — 1.3km. 
Number of Cablesfor | —. | 
Full Duplex Link «4 3 -, ok 
Package 24 pin 0.6" DIP | 24pin0.6"DIP | 24 pin 0.6" DIP| 24 pin 0.6" DIP 
44 pinPLCC | 44 pin PLCC 





CONTENTS 
CS8123/8124 OPTIMODEM sits | 8-3 
~ CS8125/8126 Fiber Optic T1 Receiver and Transmitter 8-23 


— CS8127LED a 
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Features General Description 
The CS8123 and CS8124 from Crystal Semiconductor 
e Time Compression Multiplexing for Corporation are SMART Analog™ full-duplex modem 
full-duplex communication over a devices that receive and transmit serial binary data over 
single optical fiber a single fiber-optic cable. Both devices provide the fil- 


tering, encoding, decoding, and data buffering to 
Synchronous operation from 2.4 kbps implement a "ping-pong" communication channel 
to 256 kbps 


The CS8123 device supports asynchronous com- 


) ‘ munication. The CS8124 device supports asynchronous 
A ae operation from de to and_ synchronous communicatons. The RTS, CTS, 
: p DTR, and DSR control lines can be used for RS232C 
e 10° BER up to 1.3 km ee modem control, or end-to-end transmission 
e System diagnostic capabilities SMART Analog and OPTIMODEM are trademarks of 
e Four optional secondary control Crystal Semiconductor Corporation. 
channels provide independent Ordering Information: 
end-to-end transmission links | Model Package 
CS8123-IP5 24 Pin 0.6" DIP 
e Independent transmit and receive CS8123-IL5 44 Pin PLCC 
clocks CS8124-IP5 24 Pin 0.6" DIP 


CS8124-IL5 44 Pin PLCC 





TCL DR1,DR2,DR3 RS2 CKC 


| Transmit 
3B4B ; 














DTR 

FIBER | L Control a 
CABLE x Linear Channel a and —— RTS 
| . Timing a 





DPLL ok, a : 
| | | | iz ~ 
3B4B * Receive 
FO - fe 


Sr a CC CC, SC ic ir SC ic cc) Se A 


Note: DR1, DR2, DR3, TxC, 
RxC, and CKC apply only 


t 
DG1,DG2,DG3_ CLKIN VA+ GND VD+ 
to the CS8124. | | 





* i : This document contains information for a new product. Crystal 
Preliminary Product information Semiconductor reserves the right to modify this product without notice. 
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ABSOLUTE MAXIMUM RATINGS 
















DC Supply (VA+, VD+ pins) 
Input Voltage 


Input Current 
(Any pin ean LDP, LDN, 


eae 
a 


WARNING: Operating this device at or beyond these limits may result in permanent — to the device. 
Normal operation of the part is not guaranteed at or beyond these extremes. 
Note: 1. Transient currents of up to 100 mA will not cause SCR latch-up. 


RECOMMENDED OPERATING CONDITIONS 










(Note 1). — 






DC Supply . _ 


Ambient Operating Temperature - 


LED Drive Current TCL Floating 
TCL Grounded 





DIGITAL CHARACTERISTICS = -40 °C to 85 °C; VD+, VA+ = 5V +5%; GND = OV) 


High Li -Level Input Voltage 


Low-Level Input Voltage 


High-Level Output Voltage 
lout = -40 uA 

Low-Level Output Ne 
lout = 1.6 MA 





Notes: 2. Input pins are: DR 1/2/3, DG 1/2/3, RS2, CKC, DTR, RTS, TxD, TxC. 


3. Output pins are: DSR, CTS, DCD, RxD, RxC, TxC. 
4. Output drivers will output CMOS logic levels into a CMOS load. 





mu S17 PPS 
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OPERATING CHARACTERISTICS (ta = -40 °C to 85 °C; VD+ , VA+ = 5V + 5%; GND = OV) 


Power Consumption, TCL Floating Ping Pong 
(Notes 5, 6) Continuous Transmission 


Power Consumption, Continuous Receive 
Receiver Input Current Range 
LED Capacitance Presented to LDP/LDN 
Notes: 5. Total power dissipated by IC and LED, LED as specified in Table A3. 


6. CLKIN Frequency = 9.216 MHz. 
7. Fora 10° BER. 





SWITCHING CHARACTERISTICS (ta = -40°C to 85 °C; VD+, VA+ = 5V +5%; GND = 0V 
Parameter 
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TxC & RxC Frequency: Synchronous fcke 2.4 - 256 kHz 
Continuous Transmit or Receive the - {,/8 - kHz 

RxD & TxD Data Rate: Synchronous 2.4 256 kHz 
(Note 8) Asynchronous dc 38.4 kHz 


RxC & TxC Duty Cycle (Notes 9, 10) 
Rise Time, All Digital Outputs (Note 11) 
{Fall Time, All Digital Outputs (Note 11) 







TxD to TxC Rising Setup Time (Note 10 


——_ 


TxC Falling to TxD Hold Time (Note 10 


wer” 





RxD to RxC Rising Setup Time (Note 10) 





RxC Rising to RxD Hold Time (Note 10) 






Frequency Deviation at TxC Input 
from Selected Rate Notes 10. 12 


Ext. Clock Oscillator (Note 9) 





Notes: 8.CS8124-IP5 units support synchronous communication at 2.4 kbps only in the -40 to +70°C 
temperature range. | 
9. Duty cycle is (tpwh/(tpwh + tpwi)) * 100%. See Figure 2. 
10. CS8124 in synchronous operation (not all DR1/2/3 low). 
11. At maximum load of 1.6 mA and 50 pF. 
12. In Synchronous mode, data rate selected by DR1/2/3. In Transmit Only mode, selected rate is fc/8. 
CLKIN frequency must be within + 50 ppm of specified frequency. 
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Any Digital Output TxC, RxC 





10% 10% 


Figure 1. Digital Output Rise and Fall Characteristics Figure 2. Clock Signal Timing 


TxC RxC 


TxD : RxD 





Figure 3. Switching Characteristics 
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CIRCUIT DESCRIPTION 


The CS8123/4 OPTIMODEMs receive and trans- 
mit serial binary data over a single fiber-optic 
cable. Refer to Figure 4 for a typical system 
connection diagram. The modems provide the 
filtering, encoding, decoding and data buffer- 
ing to implement a Time Compression 
Multiplexed "ping-pong" channel. Both 
modems support full-duplex asynchronous 
Operation up to 38.4 kbps. The CS8124 also 
supports full-duplex synchronous communica- 
tion at 2.4, 9.6, 19.2, 64, 160, 192 and 256 
kbps. 


The RTS, CTS, DSR and DTR pins can be 
selectively used in one of two modes: as end- 
to-end communication channels, or as 
conventional modem control lines used in 
handshakes with the OPTIMODEMs (DCE). The 
two modes are shown in Table 1 and Figure 5 


+5V 1 68 uF ns 0.1 uF 10M 
20 21 


ie 0.01 uF 










16 149 
Data ~ y- 
emienaean ler He Ss 
LED 
CS8124 


Select 
Receiver, 22) Rxc DG2 


Diagnostics 
pa3k8_| Mode 


Figure 4. Typical System Connection Diagram 
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Fiber Link 


DTE _ OPTIMODEM OPTIMODEM DCE 


Figure 5. - End-to-End (Transparent) Mode 


respectively. The desired mode is selected 
through the RS2 pin. 


In the end-to-end mode, the RTS and DTR in- 
puts are oversampled at approximately 12 kHz, 
allowing asynchronous communications at 
speeds up to 4.8 kHz. The actual data rate 
achieved will depend upon the jitter tolerance 
of the circuitry connected to the DSR and CTS 
outputs. Oversampling a 4.8 kHz signal at 12 
kHz implies 40% jitter (4.8/12) on the rising 
and falling edges of the DSR/CTS outputs. 





Both modems provide extensive diagnostic and 
maintenance capabilities. Note that the OP- 
TIMODEM digital signals are standard logic 
levels. RS232 level translators/buffers are re- _ 
quired for interfacing to DTE or DCE 
equipment. 


Efficient 3B4B line encoding is employed to 
ensure error-free data transmission regardless | 
of ones density. The 3B4B line code technique 
generates a four-bit binary code which cor- 
responds to three binary input bits. This DC 
balanced code provides sufficient ones density 
to satisfy the requirements of the receiver’s 
phase-lock loop while optimizing transmission 
bandwidth and reducing noise. At the receive 
end, the four-bit code is converted back to the 
original three bits before being output on RxD. 
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1. Modem powers up, then asserts DSR. 


2. Recognizes DTR. Ping-pong 
synchronization is in progress. 


3. When Synchronization is achieved, 
asserts DCD. * 


4. Recognizes RTS, then asserts CTS. «« 


* If synchronization is lost, modem takes DCD and CTS high. 


** If RTS goes high, modem takes CTS high. 
*** DTE takes DTR high, then DCE forces DCD high. 


OPTIMODEM (DCE) DTE 


1. DTE initializes, then asserts DTR. 
2. Recognizes DSR and waits for DCD. 










3. Recognizes DCD, then asserts RTS. 





4. Recognizes CTS, then starts communication. 





with far end. EES 


Table 1. -Modem Control Mode 


In order to accomplish ping-pong communica- 
tion, the near-end and far-end OPTIMODEMs 
must establish sychronization so that one OP-. 
TIMODEM receives while its counterpart 
transmits. Each OPTIMODEM operates on an in- 
ternal master clock which is one sixth the 
oscillator frequency (1.536 MHz for a 9.216 
MHz crystal). A machine cycle, which consists 
of 128 master clock cycles, is divided into four. 
pieces: time to transmit, a delay period, time to 
receive, and another delay period. The delay 
times are established during synchronization to 
adjust positioning of the transmit and receive 
windows to account for signal propagation time 
_ through the length of fiber being used. 


T h e OPTIMODEM attempts to establish 
synchronization upon power up or reset. In nor- 
mal operation, both OPTIMODEMs attempt to 
communicate using a fixed code. The dif- 
ference in crystal oscillator frequencies at 
either end will cause the transmit and receive 
windows of the two OPTIMODEMs ‘to drift: with 
respect to each other. When one OPTIMODEM 
first recognizes the transmission from its 
counterpart, it assumes the slave mode and 
changes its synchronization control word to 
direct its counterpart to be the master. In the 
slave mode, the OPTIMODEM will adjust its 
machine cycle to speed synchronization with 
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the master. Once synchronized, the slave will 
make small adjustments in machine cycle time 
to compensate for differences in oscillator fre- 
quencies of the two OPTIMODEMs. The 
OPTIMODEM can tolerate up to 100 ppm dif- 
ference in oscillator frequencies between the 
master and slave. See section on Forced-Slave 
mode for information on quick synchroniza- 
tion. 


The CS8123/4 minimizes the number of exter- 
nal components required, using just one LED 
to both send and receive data on a single fiber. 
The CS8123/4 can support cables up to 1300 
meters as discussed in the section on LED re- 
quirements inthe Applications section which 
appends this data sheet. Total transmission 
delay through two OPTIMODEMs and 1.3 km of 
cable will be, typically, 38 times the data rate 
bit period, plus 10us for fiber delay. For ex- 
ample, at 256. kbps, the transmission delay is 
approximately 158us. 


TRANSMIT SECTION 


In the asynchronous mode, the TxC clock is not 
used and the CS8123/4 accepts data 
asynchronously on the TxD input pin. The TxD 
input is oversampled by at least 6.7 times. This 
data is temporarily stored in the Transmit 


DS17PP5 


©S8123/4 





FIFO, encoded and then transmitted to the far 
end OPTIMODEM. 


In the synchronous mode, the CS8124 accepts 
data on the TxD input pin using the TxC clock. 
This data is stored in the Transmit FIFO, en- 
coded then transmitted down the fiber. The 
Clock Control (CKC) input is used to select 
either an internally generated TxC clock or an 
externally provided TxC clock. The 160 kbps 
synchronous data rate operates only with an ex- 
ternally-provided transmit clock (TxC). 


Clocks 


The CS8123 operates asynchronously. The 
CS8124 may be operated in either the 
synchronous or asynchronous mode by setting 


the data rate inputs, DR1, DR2, and DR3. The: 


data rates and settings are shown in Table 2. 
The OPTIMODEM’s internal frequency reference 
is provided by inputting a clock to the CLKIN 
pin. This clock’s amplitude must be within 
10% of the supply voltages and have a duty 
cycle of 40% to 60%. 





* 


a ee 


The CS8124 provides three clock options: 


1) Asynchronous operation: DR1/2/3 = low. 
RxC and TxC pins of CS8124 are held in a 
high impedance state. 


2) Synchronous with externally provided trans- 
mit clock: Not all DR1/2/3 = low; CKC = low. 
An externally generated clock must be input to 
the TxC pin at the rate selected by DR1/2/3. 


3) Synchronous with internally provided trans- 
mit clock: Not all of DR1/2/3 = low; CKC = 
high. The CS8124 generates the transmit clock 
and outputs it at the TxC pin. 


In the synchronous mode, the two TxC clocks 
at either end of the link are allowed to deviate 
from each other by several hundred ppm. Also, 
an externally provided TxC clock can deviate 
from the rate selected on DR/1/2/3 by several 
hundred ppm. In: both cases the OPTIMODEMs 
will make internal adjustments to compensate 
for the frequency differences. All combinations. 
of internally generated and externally provided 
clocks for TxC are allowed. 


Data Rate (kbps)* 
with 9.216 MHz crystals 
Async : de to 38.4 











19.2 
192 


Note that a 56 kbps link can be implemented by using .an 8.064 MHz 


oscillator and the 64 kbps data rate selection. 


ak 


The 160 kbps data rate clock must be externally generated. | 


Table 2 - Data Rate Selection 
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100 
90 
80 
70 | 
60 
50 
40 
30 
20 | 
10 


) 





LED Transmit Current Level ( 


10. 100 1k 10k 100k 
| Resistor Value ( Q) 


Figure 6. Resistor to Set the Transmit Current Level 


Transmit Current Adjustment 


The transmit current level is typically 100 mA 
when TCL is left unconnected. The current 
level may: be adjusted by tying the TCL pin to 
ground through a resistor.as shown in Figure 6. 
Tying TCL directly to ground selects the mini- 
mum drive current of 10 mA. The output drive 
current corresponding to a given resistor, 
RTCL, can be calculated using the following 
equation: 


— 110+R ToL 
Idrive = 100 ( 1100+R cL ) mA 
Equation 1 | 
RECEIVE SECTION 


The LED detects the data burst from the far- 


end modem. A digital phase-lock loop 
performs the timing recovery to maintain 
synchronization between the master and slave 
OPTIMODEMs. The recovered signal is decoded 
and then stored in the Receive FIFO. The 
Receive FIFO provides the output to the RxD 
pin. In synchronous mode, the RxC clock is 
derived from the incoming data. Rising edges 


of RxC indicate valid RxD data. Clock jitter — 


resulting from the ping-pong operation and 
3B4B encoding is reduced by an internal jitter 
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attenuator. The jitter attenuator is not active in 
the continuous receive mode. 


Digital Carrier Detect 


A logical zero on the Digital Carrier Detect, 
(DCD), output indicates that both ping-pong 
and 3B4B synchronization has occurred be- 
tween the near-end and far-end modems and 
that data transmission can occur. If the receiver 
loses carrier, the OPTIMODEM automatically 
resets. 


DIAGNOSTIC FEATURES 


The CS8123/4 provides several capabilities to 
facilitate fault isolation and system perfor-. 
mance verification. These diagnostic features 
are selected using the DG1, DG2, and DG3 
pins. Table 3 shows the various diagnostic 
modes and the corresponding setting for 
DG1/2/3. 


Forced-Slave Mode 


In normal operation, both OPTIMODEMs in a 
link start the synchronization process as peers. 
As synchronization start-up proceeds, either 
one can assume the role of "master" or "slave". 
Using the diagnostic input pins it is possible to 
force the OPTIMODEM to assume the slave 
mode, which reduces maximum possible start- 
up time. However, the user must now ensure 
that only one of the two OPTIMODEMsSs is in this 
mode. 


There are system configurations where rapid 
link synchronization is desirable, but it is not 
possible to select half of the ends to be in 


‘Forced-Slave mode due to logistics or 


hardware configuration limitations. 
Synchronization in Normal-Operating mode 
will be slow if the oscillators at either end are 
almost exactly the same frequency. Holding the 
CS8123/4 in Forced-Slave mode, DG 1, 2, 3 = 
1/1/1, for at least 50 ms at power-up should en- 
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Diagnostic Mode 


Normal Full-Duplex Operation 
Local Loopback 
Remote Loopback 


Continuous Transmit 
Full-Duplex Operation with 
Forced-Slave Mode 


Table 3. Diagnostic Mode Selection 
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sure rapid and reliable synchronization as long 
as the two ends of the link are powered up at 
different times. See the applications section for 
schematics. 


Loopbacks 


Two loopback modes are provided on the 
CS8123/4: local and remote loopbacks. 
Loopbacks are supported in both asynchronous 
or synchronous modes, with either internal or 
external TxC clock. In local loopback mode, 
the transmit data and clock (if applicable) in- 
puts are looped back inside the near-end 
CS8123/4 and output on the receive data and 
clock outputs. This allows the near-end user to 
verify performance up to the OPTIMODEM. 
Ping-pong synchronization between the 
OPTIMODEMs is maintained. Data is still trans- 
mitted to the far-end OPTIMODEM. Inputs to the 
near-end receiver are not output at RxD, and 
DCD is high. Local loopback takes precedence 
over remote loopback. The local loopback path 
is the shortest logical path through the op- 
TIMODEM, and does not include the driver or 
linear channel. 


When remote loopback is selected on the 
near-end CS8123/4, the near-end OPTIMODEM 


DS17PP5 


directs the far-end OPTIMODEM to loop back its 
received data. This allows the user to verify 
performance of the complete near-end 
CS8123/4, the fiber, the LEDs and most of the 
far-end CS8123/4. The far-end OPTIMODEM 
also outputs received data and clock (when ap- 
plicable) at RxD and RxC. When remote 
loopback is selected and synchronization is 
achieved, DCD goes low on the near-end 
OPTIMODEM. When remote loopback is in ef- 
fect, the far-end OPTIMODEM ignores inputs on 
TxC and TxD and brings DCD high. 








Continuous Transmit and Receive Modes — 


The CS8124 has two special operating modes: 
continuous transmit and continuous receive. In 
continuous transmit mode, the near-end 
CS8124 sends the encoded version of the data 
input on TxD. TxD must be clocked into the 
part at a rate of approximately one-eighth the 
crystal frequency. The 3B4B coding is still 
employed so the actual transmission rate is 
one-sixth the crystal frequency. As in normal 
synchronous operation, TxC can be either an 
input or an output. If TxC is externally 
generated, its frequency can differ from the 
nominal frequency by several hundred ppm. 
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When continuous transmit is selected, the 
receiver is inoperative, no ping-pongs take 
place and DCD stays high. Measurements can 
then be made at the output of the near-end LED 


and at the far-end output of the fiber cable to 


isolate LED and/or cable failures. 


When in the continuous transmission mode, 
and under control of the RTS pin, the oOp- 
TIMODEM will generate a repetitive encoded 
pattern to achieve 3B4B code alignment of the 
far-end receiver to the transmitter. The far-end 
receiver takes no special action in response to 
this pattern, other than normal 3B4B decoding 
and receiver synchronization. The user must 
maintain RTS high for 50ms. When the user 
returns RTS low, the first data bits input to TxD 
may be lost (up to 5 bits). | , 


In continuous receive mode, the receiver 
continually receives data, and outputs the data 
and clock on the receive outputs, RxD and 
RxC. The RxC output will be gapped in the fol- 
lowing manner: three clock pulses will be 
followed by one clock hole in a repetitive man- 
ner (see Figure 7). DCD is held low in the 
continuous receive mode once synchronization 


is achieved. The transmitter is inactive in this. 


mode. 


When in the continuous transmit or receive 
mode, the DTR input is ignored, and the DSR 
and CTS outputs are defined as in Table 4. 








For single direction transmission of 
asynchronous data, select internally generated 


_ TxC. Data input on TxD will be sampled at the 


TxC rate (fc/8) and transmitted to the receive 
end. The received data will be present at RxD 
and RxC may be ignored. 







} RS2 input DSR Output CTS Output — 
HIGH LOW except during reset | Same as DCD 
_ Undefined : Undefined 


Table 4. Pin Definitions in Continuous Modes 





roata KKK 


RCLK 


1/6f, 





Figure 7. Receiver Output Timing in Continuous Receive Mode 
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PIN DESCRIPTIONS 


NO CONNECT 
DIAGNOSTIC 1 
RECEIVE DATA 

REQUEST TO SEND 

NO CONNECT 

CLOCK INPUT 

DIAGNOSTIC2 
DIAGNOSTIC 3 

DATA TERMINAL READY 
CLEAR TO SEND 

DATA SET READY 

DIGITAL CARRIER DETECT 
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DCD 


CS8123 








CS8123/4 


NO CONNECT 

GROUND 

TRANSMIT CURRENT LEVEL 
DIGITAL POWER SUPPLY 
ANALOG POWER SUPPLY 
LED POSITVE I/O 

LED NEGATIVE I/O 
GROUND 

TRANSMIT DATA 
GROUND 

RS-232 MODE 

GROUND 
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CS8124 
















CLOCK CONTROL 
DIAGNOSTIC 1 
RECEIVE DATA. 

REQUEST TO SEND ~ 
~ RECEIVE CLOCK 
. CLOCK INPUT 
DIAGNOSTIC 2 
DIAGNOSTIC: 3 
DATA TERMINAL READY 
CLEAR TO SEND 
DATA SET READY 

DIGITAL CARRIER DETECT 


TRANSMIT CLOCK 

DATA RATE SELECT 3 
TRANSMIT CURRENT LEVEL 
DIGITAL POWER SUPPLY 
ANALOG POWER SUPPLY 
LED POSITIVE VO 
LED NEGATIVE I/O 
GROUND 

TRANSMIT DATA 

DATA RATE SELECT 
RS-232 MODE 

DATA RATE SELECT 1 
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Pin numbers apply to 24 pin DIP packages 


Power Supplies 


VA+ - Analog Power Supply, PIN 20. 
Typically +5 volts. 


VD+ - Digital Power Supply, PIN 21. 
Typically +5 volts. 


GND - Ground, PIN 17 on CS8124; PINS 13, 15, 17, and 23 on CS8123. 
Ground reference. 


Oscillator 


CLKIN - Clock Input, PIN 6. 
Input for externally generated CMOS clock. Standard operation requires a 9.216 MHz (+ 50 
ppm) clock. Other frequencies may be used to adjust the OPTIMODEM throughput and data rates. 
As the CLKIN frequency is reduced, the OPTIMODEM’s potential link distance increases and the 
data rates decrease proportionately. Oscillator specifications are given in the Applications section. 


Inputs 


TxD - Transmit Data, PIN 16. 4 | _ 
Data to be transmitted. In the asynchronous mode, the rate of the data can be from dc to 38.4 
kbps. In the synchronous mode, data is clocked into the CS8124 on the rising edge of TxC. 


TxC - Transmit Clock (CS8124 Only), PIN 24. | 
When CKC is high, TxC will output a clock at the rate selected by DR1/DR2/DR3. When CKC is 
low, TxC accepts input clock from an external source. TxC goes into a high impedance state 
when asynchronous operation is selected. For synchronous operation TxD is sampled on the 
rising edge of TxC. For synchronous operation at 160kbps, an externally-provided clock must be 
used. 


CKC - Clock Control (CS8124 Only), PIN 1. . & : 
Defines the source of the clock signal on TxC for synchronous operation. A low on CKC 
indicates that external clock is being input on TxC. A high on CKC indicates the the CS8124 is 
sending out TxC at one of the rates selected on the DR1/DR2/DR3 data rate selection inputs. If 
CKC is left unconnected (floating), CKC pulls low, selecting the external clock. CKC must be 
held low for synchronous operation at 160kbps since this case requires an externally-provided 
clock. | 


DG1; DG2; DG3 - Diagnostic 1; 2; 3, PINS 2, 7, 8. 


Select a diagnostic mode as shown in Table 3 in the Circuit Description section. If these pins are 
left unconnected, (floating), the OPTIMODEM assumes the mode for Normal Operation. 
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DR1; DR2; DR3 - Data Rate 1; 2; 3 (CS8124 Only), PINS 13, 15, 23. 


Select a data rate for the TxC and RxC pins as shown in Table 2 in the Circuit Dean 
section. If these pins are left unconnected (floating), the CS8124 defaults to asynchronous 
operation. 


RS2 - RS-232C Control Mode Select, PIN 14. 





Selects whether the CTS, RTS, DSR and DTR are used in an end-to-end mode, or modem control 
handshake mode. When RS2 is low, the end-to-end mode is in effect as shown in Figure 4 in the 
Circuit Description section. If RS2 is left unconnected, (floating), the end-to-end mode is in 
effect. When RS2 is high, the modem control mode, as shown in Table 1 in the Circuit 
Description section, is in effect. 


DTR - Data Terminal Ready , PIN 9. 


In the end-to-end mode, data input on DTR is transmitted over the link and peace at the far 
end as the DSR output. The DTR input is oversampled at approximately 12 kHz, allowing 
asynchronous communications at speeds up to 4.8 kHz. The actual data rate achieved will depend 
upon the jitter tolerance of the circuitry connected to the DSR output. Oversampling the 4.8 kHz 
signal at 12 kHz pais 40% jitter (4.8/12) on the nse and falling edges of os DSR output. 








In the wiodem eonitol mode, a logic 0 iudlicaies that the DTE is powered up and uiealieed: DTR 
has an internal pull down. 


RTS - Request To Send , PIN 4. 


In the end-to-end mode: de, the RTS input is transmitted over the link and presented at the far end as 
the CTS output. The RTS input is oversampled at approximately 12 kHz, allowing asynchronous 
communications at speeds up to 4.8 kHz. The actual data rate achieved will depend upon the jitter 
tolerance of the circuitry connected to the CT CTS output. Oversampling the 4.8 kHz signal at 12 
os ape 407% ne (4.8/ 12) ¢ on the rising ane falling edges of the CTS output. 


In o modem control mode, a toes O indicates that the DTE is ready to communicate to the far 


end. In continuous transmit mode, setting RTS to logic 1 causes a ErepeuaNe synchronization 


‘pattern to be transmitted. RTS has an internal pull down. 


TCL - Transmit Current Level, PIN 22. 
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Defines the current driven into LDP/LDN. When left unconnected, the current level is typically 
100mA. When tied to ground, output current level is at a minimum of about 10 mA. Current can 
be set at an intermediate level, (as shown in se 5 in’ ‘the Circuit ee eeeuen): by tying 
this) pin to see through a resistor. 3 : 
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Outputs 


DCD - Digital Carrier Detect, PIN 12. 
A low level indicates that the receiver’s 3B4B decoder has achieved synchronization with respect 
to the incoming data stream. DCD is always forced high on the OPTIMODEM for which local 
loopback has been selected, and during a remote loopback selected by the far-end terminal, and 
when continuous transmit has been selected. Upon loss of digital carrier, the OPTIMODEM initiates 
a reset. 





CTS - Clear To Send, PIN 10. oe ee 
In the end-to-end mode, CTS shows the state of the far-end RTS input. Each CTS/RTS pair can 
be used as a uni-directional data channel. The channel is always asynchronous for both the 
CS8123 and the CS8124, and is oversampled at a rate of approximately 12 kHz. 


In the modem control mode (RS2 = high), a logic O indicates that the DTE can begin 
transmission via the TxD and RxD pins. | 


DSR - Data Set Ready, PIN ll. __ — ee 
In the end-to-end mode, DSR outputs the data input on the far end DTR pin. Each DSR/DTR pair 
can be used as a uni-directional data channel. The channel is always asynchronous for both the 
CS8123 and the CS8124, and is oversampled at a rate of approximately 12 kHz. 


In the modem control mode (RS2 = high), a logic 0 indicates that the OPTIMODEM is powered up. 


RxD - Received Data, PIN 3. 
The data can be read asynchronously (in that mode) or is valid on the rising edge of RxC (in the 
synchronous mode). 


RxC - Received Clock (CS8124 only), PIN 5. 
In the synchronous mode, RxD is valid and stable on the rising edge of RxC. RxC goes into a 
high impedance state when asynchronous operation is selected. 





Inputs/Outputs” 


LDP; LDN - LED Positive I/O; LED Negative I/O, PIN 19 & 18. 
These bidirectional pins connect directly to the LED, and alternately drive and receive from the 
LED. LDP connects to the LED anode and LDN connects to the LED cathode. It is absolutely 
critical that LED be connected to LDP and LDN with the shortest possible traces on the printed 
circuit board. 
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APPLICATION NOTES 


The use of a CDB8124 or CDB8123 Evaluation 


Kit to evaluate an OPTIMODEM is highly 


recommended because system performance is 
dependent upon the quality of the board layout. 
In particular, the use of wire-wrapped boards for 
IC evaluation can result in a non-functional link. 


Temperature Effects 


LED emission spectrum shifts with temperature, 
as does the responsivity peak. When LEDs at the 
opposite ends of link are at different 
temperatures, the link budget may be decreased. 
See Table A4. 


Fiber Optic Cable 


Some specifications for the various cable types 
are given in Table Al. Table A2 provides some 
information on cables and manufacturers. There 
are many variations: contact the manufacturers 
for more details. 


Aperture dB per km 
| 2o0umpcs | 040 | 80 
[1000 um Plastic | oso | 1000 


Table Al - Typical Cable Specifications 




















62.5/125 Ceramic ST | 


100/140 Ceramic ST 





| i Ag HFE4214-013 ST Fiber DIP 
| Honeywell 


Part Number | Phone 
Ensign-Bickford Optics Co HCP-M02000T-A01VS (203) 678-0371 


Amphenol Fiber Optics 


Crystal has used Hewlett-Packard’s plastic fibers 
and associated LEDs (the VERSATILE 
HFBR-152x family), and observed that the link 
functioned. These LED’s are approximately 
one-third the cost of the glass-fiber compatible 
LED’s. However, the length of the cable is 
severely limited by the attenuation characteristics 
of plastic fiber (about 1dB per meter). The 
VERSATILE family may prove workable for 
links of a few meters. © a | 


LED Requirements 


Typical LED specifications are given in Table 
A4, and some suggested LEDs are listed in Table 
A3. It is recommended that the emitted 
wavelengths of the LED’s on each end of a link 
be the same. The Hafo, HP and Honeywell 
LED’s have different peak wavelengths and 
power requirements, and should not be 
interchanged in a system. 






CrystalSemi CS8127 _ ST Fiber DIP 







HFE4404-013 SMA Fiber DIP 
HFBR1405 SMA Fiber DIP 


HFBR1415 ST Fiber DIP. 
_ ABB Hafo | 1A-212 | TO-46 


Table A3 - Approved LED Vendors 


Hewlett Packard 





907-11035-10xxx 
907-1 1036-10xxx (800) 752-5797 


Table A2 - Fiber Cable and Manufacturer Information 
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TYPICAL LED SPECIFICATIONS (Ta = 25°C; VA+ = 5V+5%; GND = OV) 


Forward Voltage 
Breakdown Voltage (IR = 10 pA) 
Series Resistance 


Diode Capacitance (VR = 0 V) 
(Note A1) . (f = 1 MHz) 


Fiber Coupled Power (l-F = 100 mA, Poc 
100 um Graded, NA = 0.29) 


Poc Temperature Coefficient (l-F = 100 mA, APoc/AT 
(Note A2) 100 ym Graded, NA = 0.29) 


Response Time (10 - 90%, IF = 100 MA 
No Pre-Bias) 


Responsitivity (VR = 0 V) 


Ro, Temperature Coeff. ("+" for detector temp 
(Notes A2, A3) increasing) 





Ro, Wavelength Coeff. ("-" for emitter wavelength 
7 increasing 


Leakage Current (VR = 1 V) ae 


Notes: A1. For low capacitance diodes, an additional capacitor must be added to meet this specification. 
A2. Industrial Temperature Range (-40°C to 85°C). 
A3. Includes Spectral Variance. 


Table A4 - LED Specifications 


Power Supply Decoupling 










VA+, VD+ and GND should be decoupled using To Supply all 





the circuit shown in Figure Al. The 68 pF remaining VA+ 
capacitor is required to filter the power supply, Components 
and prevent power supply ripple. Ripple can VD+ 
occur at the power supply pins of the device as a 68 uF * Seti — 
result of the different current demands when the 
OPTIMODEM is transmitting or receiving. ae 

(Pin 17 on DIP, 


Other circuitry on the same board as the 
OPTIMODEM should have a separate power : 
supply trace (from the point at which the power These capacitors as 
supply enters the board). All ICs on the board me paeeane 
should be decoupled. OPTIMODEM i a 
performance will improve as power supply noise 

is minimized. 


Pin 30 on PLCC) 


! 


Figure Al - Power Supply Decoupling 
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DG1 
DG2 


DG3 
INITIALIZATION PULSE 


FROM MICROCONTROLLER 


Figure A2. Synchronization Techniques 


Fast and Reliable Synchronization 


When OPTIMODEMs are operated in normal | 


full-duplex mode, the time required to 
synchronize may increase as the frequency 
difference between the two OPTIMODEM 
master clocks (CLKIN) decreases. To ensure fast 
synchronization, the following circuitry can be 
used. The circuits shown in Figure A2 


momentarily place the OPTIMODEM into © 
Forced-Slave mode on power-up. Holding the ~ 


CABLE 200um 
Min 


1. Transmit power coupled to fiber 640 


0.05 
32000 
1000 


2.LED Responsivity 

3.LED Output Current 

4. Minimum receive sensitivity 

5. Budget available for cable 
and splices 


APPLICATION EXAMPLE | 
6. Number of splices 
7. 0B of loss per splice 
8.km of cable. 
9. dB of loss/km cable 
10. Total cable/splice loss — 
11. Operating Margin 


100um = =62.5um 
Min 
116 


0.08 
9280 
1000 
15.1 9:8 





OPTIMODEM in Forced-Slave mode for 50 ms 
will assure synchronization even if the oscillator 
frequency at either end is exactly the same. As 

_ long as the time at which the two ends of a link 

are powered is different by 50 ms, the first 
OPTIMODEM powered will be in 
Normal-Operation mode, while the second is 
initialized in Forced-Slave mode. Switching 
from Forced-Slave to Normal-Operation should 
not effect synchronization once it has been. 
established. 


50um 
Min = Min 
44 20 


Notes 

From LED vendor 
@IF = 100 mA 

See Equation 1 below 
From LED vendor 
Responsivity x Power 
CS8123/4 requirement 
See Equation 2 below 


0.09 
3960 2000 | 
1000 . 1000 
6.0 3.0. 


0.10 


splices System design 
dB From cable vendor 
km System design 
dB From cable vendor 
dB See Equation 3 below 
dB Power - Losses 


Note: LED coupled power must be limited (using TCL pin) so that the signal input to receiver is <30 pA 


Equation 1: If coupled power is specified in dBm, dBm can be converted to Watts by: 10°78” ') x 001 


Equation 2: 10 x log(lin/LED Output Currrent) 


Equation 3: (Number of Splices x dB of loss per splice) + (km of cable x dB of loss per km cable) 


Table AS. Worst Case Link Budget Calculation for CS8127 LED Performance at 25°C 
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Link Budget Calculation 


Table A5 gives a link budget assuming worst 
case CS8127 LED performance at 25°C. The 
link budget calculations are based upon the 
minimum coupled power and responsivity of a 
CS8127 LED. Note that the 200 um cable 
couples much more power to the LED and is 
therefore preferable for applications where 
transmission over significantly long links is 
required. No matter how much current is input to 
the OPTIMODEM, timing control structures of the 
OPTIMODEM limit maximum cable length to 
1300 meters at a CLKIN rate of 9.216 MHz. 


The link budget calculation is also used to 
ensure that the OPTIMODEM linear channel is not 
over-driven (30 4A maximum input allowed). 
See the CS8127 data sheet for more information 
on estimating link budgets. 


Oscillator Requirements 


The internal crystal oscillator circuit has been 
removed from the OPTIMODEM. An external 
CMOS clock oscillator is required to operate the 
OPTIMODEM. The specifications for this 
oscillator are given in Table A6. Oscillators 
which meet those specifications are readily 
available from companies such as CTS Knights, 
Monitor Products and Fox Electronics. 


Duty Cycle (at 0.5ViH) 


High Level Output Voltage 
(for high-impedance load) 


Low Level Output Voltage VIL 
(for high-impedance load) 


Rise/Fall Time (10% - 90%) 


For systems using more than one OPTIMODEM 
per board, it is acceptable to clock several 
OPTIMODEMS with one clock source. Note that if 
two OPTIMODEMS which are intended to 
communicate with each other are clocked from 
the same clock source, synchronization will not 
occur unless one of the OPTIMODEMS is in the 
Forced-Slave mode. 


Layout Considerations 


It is recommended that a judicious amount of 
ground plane be used around LDN, LDP, and the 
LED pins (on both sides of the board in case of 
two-layer boards). Trace length from the LED to 
the LDN and LDP pins on the OPTIMODEM 
should be kept to a minimum. The receiver is 
very sensitive and will be adversely affected by 
noise. Also, physically isolating the OPTIMODEM 
from potential noise sources on a circuit board is 
beneficial. 


9.216000 





Typ 


Table A6. External Clock Oscillator Requirements 
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CS8125/6. 


T1 Optical Line Interface 


Features General Description 
The CS8125 and CS8126 from Crystal Semiconductor 
@ Supports Links at 1.544 MHz up to Corporation are SMART Analog™ interface devices that 
several km receive and transmit serial binary data at T1 rates over 
two fiber-optic cables. Combined with an external LED 
® Supports both single-mode and and PIN diode, the CS8125/6 provide a low-cost, easy- 
multi-mode cable to-design optical link. Long transmission distances can 
be achieved by using a LASER diode and single-mode 
e® Receiver Sensitivity: 1 LA to 30 LA fiber. Functions included are 3B4B encoding/decoding, 
clock recovery, PIN diode amplification, and control of 
® Selectable Transmit Power Level, transmitter power. 
10 mA to 100 mA Applications 


° Campus Networks 
@ Optical Dynamic Range of 15 dB 


* Secure links 
° Links in electrically noisy or hazardous environments 


ORDERING INFORMATION: 


. . CS8125-IP5 11 Transmitter (1.544 Mbps) 
¢ 3B4B Data Encoding/Decoding CS8126-IP5 T1 Receiver (1.544 Mbps) 


® Monolithic Clock Recovery 





CS8125 Transmitter 





TCL RESET SYNC CKC 
7 


O O O O 





—— CS$8126 Receiver 














ET 
i LOSS OF SIGNAL 
x 8 12 f 
oe Linear _ Digital a 3B4B J RCLK 
19 | Decoder I RDATA 








NOTE: Pin numbers 
apply to 24-pin 
1 package. 


VA+ GND VD+ CLKIN TEST 


+ yt . This document contains information on a new product. Crystal 
Pretiminaty Product information Semiconductor reserves the right to modify this product without notice. 


Crystal Semiconductor Corporation | APR ’91 
P.O. Box 17847, Austin, TX 78760 DS33PP5 
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Power Dissipation 


WARNING: Operating this device at or beyond these limits may result in permanent damage to the device. 
; ~Normal operation of the part is not guaranteed at or beyond these extremes. 
Note: 1. Transient currents of up to 100 mA will not cause SCR latch-up. 


RECOMMENDED OPERATING CONDITIONS 


Power Consumption, CS8125 or 3 ‘ 


Power Consumption, C©CS8126 (Note 3,4) 


Note: 2. Measured with TCL floating. 
-__- 3. Total power dissipated by IC and optical component 
4. Over operating temperature range 





DIGITAL CHARACTERISTICS (TA = 40°C to 85 °C. VA+, VD+ = 5V + 5%; GND = OV) 


High-Level Input Voltage (Note 5) 
High-Level Input Voltage (CLKIN only) 
Low-Level Input Voltage 


Low-Level Input Voltage 


High-Level Output Voltage 
lout = -40 uA 


Low-Level Output Voltage 
lour = 1.6 mA 


Input Leakage Current 





Notes: 5. Input pins are: TCLK, TDATA, SYNC, RESET. 
6. Output pins are: RDATA, RCLK, & LOS. 
7. Output drivers will output CMOS logic levels into a CMOS load. 
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ANALOG SPECIFICATIONS (ta =-40 °C to 85 °C; VA+, VD+ = 5V + 5%; GND = OV) 


Parameter 
CS8126 Receiver Input Current 
Transmitter Jitter Tolerance (Note 8) 





Note: 8. Jitter tolerance increases as jitter frequency decreases. 
SWITCHING CHARACTERISTICS (Ta = -40 °C to 85 °C; VA+, VD+ = 5V +5%; GND = OV) 
Parameter 

CLKIN Frequency 
TCLK & Average RCLK Frequency: (Note 9 
CLKIN, RCLK & TCLK Duty Cycle —_ (Note 10) 
Rise Time, All Digital Outputs (Note 11) 
Fall Time, All Digital Outputs (Note 11) 
TDATA to TCLK Rising Setup Time 
TCLK Falling to TDATA Hold Time 


~~ 


RDATA to RCLK Rising Setup Time 


RCLK Rising to RDATA Hold Time 


Frequency Deviation at TCLK Input (Note 12) 
from {./8 


Notes: 9. Every fourth cycle of RCLK is dropped. The period of those RCLK cycles that are output is 1/6fc. See 
text section on CS8126 optical receiver. 
10. Duty cycle is (tpwh/(towh + tpwi)) * 100%. 
11. At maximum load of 1.6 mA and 50 pF. 
12. Crystal frequency must be within + 50 ppm of specified frequency. 












towh towl 
90% 
10% 


Any Digital Output CLKIN, TCLK, RCLK 


10% 


Figure 1. Digital Output Rise and Fall Characteristics Figure 2. Clock Signal Timing 





Figure 3. Switching Characteristics 


DS33PP5 | | 8-25 


eset 25/6 





CIRCUIT DESCRIPTION 


The CS8125 T1 Optical Transmitter and CS8126 
T1 Optical Receiver can be used to transport 
1.544 Mbps data over several kilometers of mul- 
timode fiber. The only external components 
required are a quartz crystal, an optical emitter 
(LED) and an optical receiver (PIN diode with 
biasing circuit), as shown in Figure 6. Transmis- 


sion distances can be significantly increased by | 
use of single-mode fiber and a LASER diode as — 


an optical transmitter. The only limitation on 
transmission distance is that sufficient current 
must be driven into the CS8126 LDN/LDP in- 
puts. 


The CS8125 transmitter accepts NRZ input data, 
sampled on the rising edge of TCLK, and en- 
codes the user data in a 3B4B line code before 
transmitting onto the fiber. The 3B4B encoding 
rules are shown in Table 1. 3B4B encoding 
transmits four bits for every three input to the 
CS8125 thereby ensuring sufficient ones density 
to maintain receiver lock even if all zero data is 
input for transmission. A synchronization pattern 
can be generated upon user request. The transmit 
power level is user selectable. 


Input binary Coded binary 


0011. 
0101 


1001 


0110 

1010 

1100 
001 0 alternated with 1101 
1011 alternated with 0100 





Table 1. Translation Rules for the 3B4B 


The CS8126 receiver accepts 3B4B encoded in- 
formation, recovers clock, decodes the 3B4B 
line code and outputs NRZ data which can be 
sampled using the rising edge of the receive 
clock output pin, RCLK. A loss of signal output, 
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LOS, indicates when transmission has been in- 
terrupted. 


Total transmission delay is generally less than 14 
bit periods through the CS8125 and 4 bit periods 
poner the CS8126. 


CS8125 T1 OPTICAL TRANSMITTER 


The CS8125 accepts data on the TDATA input’ 
pin on the rising edge of TCLK. The data is en- 
coded using the 3B4B line code before 
transmission through the external LED or laser. 
The CS8125 has a current mode driver with suf- 
ficient drive current (up to 100 mA) to drive 
either an LED (for multi-mode cable) or a laser 
(for single-mode cable). 


The transmit current level is typically 100 mA 
when TCL is left unconnected. The current level 
may be adjusted, as shown in Figure 4, by tying 
the TCL pin to ground through a resistor. Tying 
TCL directly to ground selects the minimum 
drive current of 10 mA. The output drive current 
corresponding to a given resistor can be calcu-| 
lated using the oe equation: — 


110+R Toi ) ma 
1100+R ToL 7 


ldrive = 100 ( 


Equation 1. 
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LED Transmit Current Level (mA) 


10. 100. 1k 10k 100k 


Figure 4. Resistor to Set the Transmit Current Level 


~DS33PP5 


(CS8125/6 





The CS8125 requires an 8-times-1.544 MHz ex- 
ternal input clock (12.352 MHz). This clock 
must meet the input requirements of the CLKIN 
pin: see Table A2 in the Applications section 
which appends this data sheet. Because of the 
3B4B line code used, the actual data rate on the 
cable is the CLKIN frequency divided by 6. 


TCLK may be internally generated or input from 
an external source based on the state of the 
Clock Control pin, CKC. If CKC is high, the 
TCLK output rate is XTL frequency + 8. When 
CKC is floated or pulled low, TCLK must be ex- 
ternally generated. Externally generated TCLK 
may deviate from CLKIN + 8 by several 
hundred ppm. Similarly, the transmit FIFO and 
internal timing mechanisms can tolerate huge 
amounts of TCLK jitter. 


Under the control of the SYNC pin, the CS8125 
will generate a repetitive encoded pattern to 
achieve 3B4B code alignment of the far-end 
CS8126 prior to the transmission of data. The 
far-end CS8126 takes no special action in 
response to this pattern, other than decoder 
alignment and normal 3B4B decoding. The 
CS8126 will synchronize to a random data pat- 
tern, but the synchronization time is somewhat 
unpredictable since it is dependent on the data 
and the corresponding 3B4B code. The SYNC 
function ensures receive lock in the shortest pos- 
sible time. 


The synchronization code used is a repetitive 
110001 pattern which is encoded as 11000011. 
The user must maintain SYNC high for 50 ms. 


When the user returns SYNC low, there will be 
up to 20 bits (typically 12 bits) of undefined data 
between the end of the synchronization codes 
and the start of valid user data as the 
synchronization codes are flushed from the trans- 
mit FIFO. 


CS8126 TI] OPTICAL RECEIVER 


The external PIN diode detects the data from the 
far-end CS8125. The PIN diode output signal is 
input to the CS8126 using the biasing circuit 
shown in the Application Section of this data 
sheet. A digital phase-lock loop performs the 
timing recovery. When the CS8126 is 
sychronized to the incoming signal; LOS, pin 12, 
goes low. The 3B4B line code is decoded and 
the recovered signal is output on RDATA, and 
may be sampled using RCLK. As a result of the 
3B4B decoding, RCLK is output at 4/3 the data 


rate (crystal-divided-by-6 frequency) with every 


fourth clock dropped as shown in Figure 5. A 
CS61600 PCM Jitter Attenuator, or a CS61544’s 


or a CS61535A’s on-chip transmit jitter at- 


tenuator, can be used to eliminate this line code 
induced jitter. 


The CS8126 establishes a machine cycle which 
is 96 bit periods long. During its machine cycle, 


_ the CS8126 determines how to update its digital 


PLL to maintain lock on the incoming signal, 
and monitors the 3B4B code. The CS8126 will 
declare LOS if there are two 3B4B code viola- 
tions in four (or fewer) machine cycles. When 
the CS8126 detects loss of signal, the LOS out- 
put pin is set high and a device reset 


RCLK 


1/6F, 








<S Dropped Clock 


Figure 5. Receiver Output Timing 
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automatically occurs. A reset clears all internal 
logic, and the CS8126 attempts to resynchronize 


to the incoming signal. Synchronization is 


declared (LOS goes low) when there are ‘no 
3B4B code violations for an entire machine 
cycle. The machine cycle timing is internally es- 
tablished, and not accessable by the user. 


When no signal is presented to the LDP/LDN in- 
puts (for example, when no cable is attached to 
the PIN diode, or if the PIN diode is not at- 
tached to LDP/LDN), the LOS output may wink 
due to nonrandom noise coupling in the receiver. 


The noise will occasionally mimic a valid 3B4B 






Circuit 







Data 
| ~NRZ 


Data 








CS8125 
Transmitter 


CS8126 
Receiver 
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input code. The typical duration of a LOS low 
state due to noise is 250 s..An RC filter can be 
used on the LOS output to remove the winks. 
When LOS returns high, the CS8126 does a 
reset which temporarily interrupts the RCLK 
output. 








—_—, 
i 


TEST 


Figure 6. System Connection Diagram For One End of the Communications Link 
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PIN DESCRIPTIONS 
CLOCK CONTROL TRANSMIT CLOCK 
NO CONNECT NO CONNECT 
SYNCHRONIZATION TRANSMIT CURRENT LEVEL 
NO CONNECT DIGITAL POWER SUPPLY 
CLOCK INPUT ANALOG POWER SUPPLY 
NO CONNECT POSITIVE OUTPUT 
RESET NEGATIVE OUTPUT 
GROUND GROUND 
NO CONNECT TRANSMIT DATA 
NO CONNECT NO CONNECT 
NO CONNECT NO CONNECT 
NO CONNECT NO CONNECT 
Power Supplies 


VA+ - Analog Power Supply, Pin 20. 
Typically +5 volts. 


VD+ - Digital Power Supply, Pin 21. 
Typically +5 volts. 


GND - Ground, Pins 8 and 17. 
Ground reference. 


Oscillator 


CLKIN - Clock Imput, Pin 5. 
External clock input. T1 operation requires a 12.352 MHz +50 ppm external oscillator. Slower 
frequencies may be used to adjust the data link throughput and data rates. Electrical 
requirements of the external oscillator are given in Table A2. 


Inputs 


TDATA, TCLK - Transmit Data, Pin 16; Transmit Clock, Pin 24. 
TDATA is data to be transmitted. Data is clocked into the CS8125 on the rising edge of TCLK. 
TCLK is either a clock input or output depending on the state of the CKC pin. TDATA is 
sampled on the rising edge of TCLK. 


CKC - Clock Control, Pin 1. 
CKC defines the source of the TCLK signal. If CKC is left floating or pulled low, an 
externally-provided clock should be input on TCLK. A high on CKC will result in the CS8125 
outputting TCLK at 1.544 MHz (more precisely, at one-eighth of the CLKIN rate). 
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SYNC - Synchronization Request , Pin 3. : >is | 
A high level causes a synchronization pattern to be transmitted. SYNC has an ete pull 
down. 


TCL - Transmit Current Level, Pin 22. 
Defines the current driven into LDP/LDN. When left unconnected, the current level is typically 
100 mA. When tied to ground, output current level is at a minimum of about 10 mA. Current 
can be set at an intermediate level, (as shown in Figure 4 in the Circuit Description section), 
by tying this at one a resistor to ground. . . 


RESET - Reset, Pin 7. | 
A level sensitive input which causes the CS8125 to reset all of its intel logic when the pin is 
pulled low. Reset has precedence over every other operational state. 


Outputs 
LDP; LDN - Laser/LED Positive Output; Laser/LED Negative Output, Pins 19 & 18. 


These pins connect directly to the LED or Laser. LDP connects to the optical component anode 
and LDN connects to the optical component cathode. 


No Connects 


NC - No Connect, Pins 2, 4, 6, 9-15, 23. 
The NC pins must be left floating. 
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PIN DESCRIPTIONS 


FACTORY TEST TEST NO CONNECT 
RECEIVE DATA RDATA NO CONNECT 
NO CONNECT NC NO CONNECT 
RECEIVE CLOCK RCLK DIGITAL POWER SUPPLY 
CRYSTAL OSCILLATOR XTL ANALOG POWER SUPPLY 
NO CONNECT Nc POSITIVE INPUT 


GROUND GND NEGATIVE INPUT 








RESET RESET GROUND 
NO CONNECT NC NO CONNECT 
NO CONNECT NC NO CONNECT 
NO CONNECT NC NO CONNECT 
LOSS OF SIGNAL LOS NO CONNECT 


Power Supplies 


VA+ - Analog Power Supply, Pin 20. 
Typically +5 volts. 


VD+ - Digital Power Supply, Pin 21. 
Typically +5 volts. 


GND - Ground, Pins 7 and 17. 
Ground reference. 


Oscillator 


CLKIN - Clock Imput, Pin 5. 
External clock input. Tl operation requires a 12.352 MHz +50 ppm external oscillator. Slower 
frequencies may be used to adjust the data link throughput and data rates. Electrical 
requirements of the exturnal oscillator are given in Table A2. 


Inputs 


LDP; LDN - PIN Diode Positive Input; PIN Diode Negative Input, Pins 19 & 18. 
These pins connect to the PIN diode through the biasing circuit show in the application section. 


RESET - Reset, Pin 8. 
A level sensitive input to the CS8126 which resets all of its internal logic when the pin is pulled 
low. After reset, the data recovery circuit must resynchronize to the incoming data stream. Reset 
has precedence over every other operational state. 


TEST - Factory Test, Pin 1. 
Must be tied to logic high for normal operation. This pin should be connected to VD+ or to the 
supply through a 10kQ resistor. 
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Outputs 


LOS - Loss of Signal, Pin 12. 


A high level indicates that the CS8126 is not synchronized. LOS goes low to indicate that the 
CS8126 is synchronized to the incoming data. 7 | 


RDATA, RCLK - Received Data, Pin 2; Received Clock, Pin 4. 
RDATA is valid and stable on the rising edge of RCLK ~ 


No Connects 


NC - No Connect, Pins 3, 6, 9-11, 13-16, 22-24. 
The NC pins must be left floating: 
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APPLICATION NOTES 


The use of a CDB8125/6 Evaluation Board to 
evaluate an optical link is highly recommended 
because system performance is highly dependent 
upon the quality of the board layout. 


Power Supply Decoupling 


VA+, VD+ and GND should be decoupled using 
the circuit shown in Figure Al. The 68 uF 
Capacitor is required to filter the power supply, 
and prevent power supply ripple, and should 
placed close to the CS8125/6. The 0.1 uF 
capacitor and 0.01 wF capacitor should be placed 
as close as possible to the CS8125/6. Any other 
ICs on the same board or sharing the same power 
supply should also be decoupled. 


Because of the sensitivity of the analog circuitry 
to power supply noise, evaluation of the 
CS8125/6 using wire-wrapped boards is not 
recommended. 


Inexpensive Fiber Optic Cables and LED’s 


Hewlett-Packard’s LED’s for plastic fibers (the 
VERSATILE HFBR-152x family) can be used 
for very low cost links. These LED’s are ap- 
proximately one-third the cost of the glass-fiber 
compatible LED’s. However, the length of the 
cable is limited by the attenuation characteristics 
of plastic fiber (about 1dB per meter). 


+5V 














To supply all 
remaining VA+ 


components 
VD+ 


CS8125/6 


GND 

(Pin 17 on DIP, 
~~ These capacitors Pin 19 on PLCC) 
as close to VA+ 
and VD+ as possible 


Figure Al. Power Supply Decoupling 


DS33PP5 


Calculating a Link Budget 


A link budget is used to determine the range of 
fiber lengths and operating margin for a CS8125 
to CS8126 link. The link budget takes into ac- 
count: the power coupled to the fiber from the 
optical transmitter, the loss of the fiber, and the 
responsivity of the optical receiver. Fiber coupled 
power and responsivity are significantly affected 
by temperature. The wavelength of the trans- 
mitted light will also change with temperature. 
Responsivity of the receiver diode will vary with 
wavelength. Optical transmitters and receivers 
must be compatible (operate at the same 
wavelength). Losses due to splices and environ- 
mental factors, etc. must be considered when 
calculating a link budget. 


Fiber coupled power depends on the numerical 
aperture and diameter of the fiber, with larger 
diameter fiber coupling significantly more light 
power than small diameter fiber. Fiber coupled 
power varies in inverse proportion to tempera- 
ture. The loss of a fiber is generally expressed in 
dB/km. The larger the diameter of the fiber, the 
greater the loss of light power. Loss will be 
slightly greater for short (much less than 1 km) 
fibers. Responsivity is a measure of the amount 
of current generated by a diode when light is 
shined on it and is expressed in amps/watt of light 
power. Responsivity is dependent on wavelength 
and varies in proportion to temperature. Table Al 
shows some parameters for calculating link 
budgets for different fiber diameters when using a 
typical LED transmitter and PIN diode receiver. 


To calculate the maximum cable length for 
100/140 um fiber at a fixed temperature, first cal- 
culate the amount of light power needed at the 
PIN diode to generate 1 WA of output current (the 
minimum required by the CS8126). 


uA 
Py = L 


TU eee 
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50/125 um 


62.5/125 um ~ 0.275 3.75 dB/km 44 WwW 0.27 A/W 
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Cable Fiber “LED PIN 
Type Loss Launch Power Responsivity 
400/140 pm 4.5 dB/km 46 pW 0.24 VW 


20 Ww 0.30 AW 


‘Table A1. Typical Link Budget Values 


The allowable loss due to cable and splices is: 


Power Margin = 10 log(launched power / Prx) 
= 10 log(116uW/4.17pW) 
= 14.44 dB 


Cable loss is 4.5 dB/km which would allow a 
transmision distance of 3.21 km, max. Selecting 
an LED with more output power and a PIN with 
more responsivity will allow longer transmission 
distances. It is wise to allow about 3 dB of 
Operating margin, and transmission media loss 
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counted for. 


If the ends of the link are expected to be at dif- 
ferent temperatures, additional margin should be 
provided to compensate for loss in performance 
of the LED and PIN. If the temperature increases 
or decreases at both ends of the link such that the 
two ends remain within a few degrees of each 
other, the link budget will remain essentially the 
same. Loss in performance at one end is compen- 
sated for by improved performance at the other 
end. 3 


CS8126 PIN Diode Biasing Circuit 


The object of the circuit is to provide a 2.5 V 
reverse bias on the PIN diode, and approximately 
a 47 pF load to LDP/LDN. In addition, the 47 pF 
capacitor shunting the LDN & LDP pins ensures 
the stability of the receiver. With a noisy ground 


environment, an optional 20 pF capacitor from 


B34 


LDN to ground may be required. This capacitor 
couples noise into LDN that is equal to noise 
coupled into LDP by the resistor. 


Optional , 
20 pF (May be req'd for 
CMRR-AC) 






LDN 


LDP 


Figure A2. PIN Diode Biasing 


Oscillator S pecifications 


Table A2 gives the specifications for the external 
clock oscillator. _ 


Layout Considerations 


It is recommended that a healthy amount of 
ground plane be used around LDP and LDN, and 
the LED pins (on both sides of the board in case 
of two-layer boards); and also around the oscil- 
lator. 


Resynchronization Considerations 


The RESET-SYNC circuit shown in Figure A3 is 
intended: to ensure minimum synchronization 
time upon power-up or after a Loss of Signal, 
LOS, condition occurs. If transmission of a nor- 
mally functioning link is interrupted, the LOS pin 
on the CS8126'will go high. The RESET portion 
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DutyCycle (at 0.5ViH) 


High Level Output Voltage, 
(for high-impedance load) 


Low Level Output Voltage, ViL 
(for high-impedance load) 


Rise/Fall Time (10% - 90%) 
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Table A2. External Clock Oscillator Requirements 


of the circuit will cause a short reset of the 
CS8125. This reset interrupts transmission, there- 
by causing a LOS condition to occur at the far 
end of the link, which in turn resets the far end 
CS8125. Both CS8125s will transition from the 
RESET condition to the SYNC state, which will 
ensure minimum synchronization time. The 
CS8125 will stay in the SYNC state until after the 
CS8126 has established synchronization. 


74HC14 1.0 uF 


: RESET 





“88125 
“SYNC 
74HC14 
Figure A3. RESET-SYNC Circuit. 
‘DS33PP5 


Repeating 


For recovery and retransmission of the signal, 
simply connect a CS8126 RCLK and RDATA 
outputs to the TCLK and TDATA inputs of a 
CS8125. It is not necessary to clean up the 
CS8126 RCLK output. 


CS8126 LOS 


oe eae 1to 10 ms a 
CS8125 RESET ake 


ae 
a 


CS8125 SYNC __ 


Figure A4. Resynchronization Timing 
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Light Emitting /Detecting Diode 





Features 


® Supports bi-direction communication 
when used with the CS81 23 and 
CS8124 OPTIMODEM 


® Compatible with the CS8125 T1 Optical 
Driver 


© Couples efficiently into 50/125 um, 
62.5/125 um, 100/140 um and 200 um 
PCS cables 


@ Power coupled to 50/125 um cable is 
typically 40 pW. 


® Responsivity as receiver is typically 
0.20A/W with 50/125 um fiber 


ST-Connector 


General Description 


The CS8127 light emitting and detecting diode is 
designed to support bi-directional, ping-pong 
communication over a_ single optical cable. In 
bi-directional applications, the CS8127 acts alternately 
as a transmitter and as a receiver. Transmitter output is 
typically 40uW @ IF = 100mA. Receiver responsivity is 
typically 0.20 A/W. At these performance levels, the 
CS8127 can support CS8123/4 transmission distances 
of up to 1km using 50/125 fiber with 3dB of headroom. 


The CS8127 is offered in a Plastic Fiber DIP package 


| compatible with ST type connectors. The CS8127 is 


intended to operate with graded index multimode fibers 
with diameters ranging from 50/125 to 200um. 


ORDERING INFORMATION: 
CS8127- IP1 
| - -40° to +85°C Temperature Range 
P- Plastic Fiber DIP package 
ST type connector | 
1 - Performance grade (fiber coupled 
power and responsivity) 











BOTTOM VIEW 


Pin | Function _| 
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NC 
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NC 
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Preliminary Product Information 


This document contains information for a new product. Crystal 
Semiconductor reserves the right to modify this product without notice. 





Crystal Semiconductor Corporation 
P.O. Box 17847, Austin, TX 78760 
(512) 445-7222 FAX: (512) 445-7581 
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Reverse Breakdown otage | ins = 10uA 


| "Parameter se 
Emitter 
Forward Voltage 


Fiber Coupled Power | 50um fiber 

IF=100mMA © 62.5um fiber 

(Note 1) 100um fiber 116 
200um fiber 7 640 


Peak Wavelength | Ip =100mAdc AE 840 
An 
: 


Response Time 10-90% — 1V prebias, 
; IF = 100mApeak 


Power Output Temperature Coefficient 50um fiber APo/AT 
| | lI-F = 100mA 


Peak Wavelength Temperature Coefficient AAp/AT 
50um fiber, IF = 100mMA 


Detector 


Spectral Bandwidth (-3dB points) Ir=100mAdc | AA | 


Dark Leakage Current | VR=1V 


Responsivity a 50 um fiber 
dD = 850nm 62.5um fiber 
(Note 1) 100um fiber 
200um fiber 
Package Capacitance | VR = OV, f = 1MHz fe se. 4 
Response Time, 10-90% § VR = OV, Ap = 850nm eae 
Responsivity Temperature Coefficient 50m fiber — AR/AT 
XD = 850nm 


Responsivity Wavelength Coefficient | 50um fiber AR/AXA 
| Ap = 850nm. 


Note: 1. Parameter tested for 1 m of 50 um fiber. Values for larger diameter are based on calculations relative to 
50 um fiber. | | 





Specifications are subject to change without notice. 4 | 
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Figure 1. Relative Power Out vs 
Forward Current 
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Figure 4. Spectral Output vs 
Temperature 
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Typical Emitter Performance 
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Figure 2. Forward Current vs 
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Figure 5. Power Output vs 
Temperature 


Emitter/Detector Performance 
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Figure 3. Relative Spectral 
Output vs Wavelength 
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Figure 6. Emitter Peak 


Wavelength vs Temperature 8 








900 ‘950 — 


Figure 8. Emitter/Detector 
Spectral Output vs Wavelength 
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Figure 9. Relative Link Output 
Current vs Emitter/Detector 
Wavelength Delta 
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Figure 12. Link Output Currrent 
vs Link Temperature 


The CS8127 is intended to be used with Crystal’s 
CS8123 and CS8124 OPTIMODEM products. 
The CS8127 can also be used with the CS8125 
PCM transmitter and CS8126 PCM receiver. Ex- 
cellent light power output and responsivity 
characteristics distinguish the CS8127 from trans- 
mit only LEDs and receive only PIN diodes. The 
CS8127 is capable of supporting transmission 
distances of 1 km over 62.5/125 um fiber with 
nearly 3 dB of operating margin. | 
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Figure 10. Detector Responsivity 
vs Detector Temperature 
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| Figure 13. Relative Link Output vs 
__ Detector Temperature 
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Figure 14. Relative Link Output vs 
Emitter Temperature 


Calculating a Link Budget 


A link budget should be calculated to ensure that 
the current generated by the LED in receive mode 
is between 1 WA and 30 LA (the limits of the 
CS8123/4 LDN/LDP inputs). Power coupled to 
the fiber, the attenuation characteristics of the 
fiber, loss due to splices or interconnects, the 
responsivity of the LED, and variations due to 
temperature must all be considered when cal- 
culating a link budget. 
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The following is an example of a link budget for 
transmission over 1 km of 62.5/125 um fiber with 
both ends at 25°C. 


Fiber coupled power for 62.5/125 um fiber = 44 pW, 


min 
Loss (Fiber attenuation): 3.75 dB/km 
Light power at end of fiber: 44x1 Qe) 
= 18.55 uW 
Responsivity for 62.5/125 um fiber: 0.09 A/W, min 
Current out of LED (receiving): 18.5 uWx0.09 A/W 
= 1.67 pA 


Since output power and responsivity are based on 
minimum performance values for the CS8127, 
1.67 UA of output current represents the mini- 
mum, worst case Output current. The minimum 
light power needed to generate 1 WA of current is 
11.11 pW, so the operating margin is at least 
2.25 dB. | 


Now consider temperature which affects 
wavelength, transmit power and responsivity. If 
the temperature increases at both ends of the link 
by 50°C, calculate the resulting change in perfor- 
mance. 


Change in transmitted wavelength: 
AXE = +0.25 nnv/°C 
850 nm + (0.25 nm/°C)(50°C) 
= 862.5 nm 
Change in responsivity due to wavelength: 
ARa = -3.7 %/nm 
0.09 A/W + (-3.7 %/nm)(12.5 nm) 
= 0.09 AW - 46.2% 
= 0.048 A/W 
Change in output power due to temperature: 
APoOc(temp) = -0.01 dB/°C 
44 wW + (-0.01 dB/°C)(50°C) 
= 44 uW -0.5dB 
= 39.2 uW 
Change in responsivity due to temperature: 
ARtemp = +0.93 %/°C 
44 wW + (0.93 %/°C)(50°C) 
= 0.09 A/W + 46.5% 
= 0.132 A/W 
Totals: Transmission change: 
44 uW- 11% 
= 39.2 uw 
Receiver change: 
0.09 AW - 46.2% + 46.5% 
= 0.09 A/W 


DS51PP2.1 


The change in performance is minimal as long as 
both ends are at the same temperature. 


Now consider the case where the transmitter is at 
50°C and the receiver is at 0°C. Following the 
same calculations for +25°C delta on the trans- 
mitter and -25°C delta for the receiver: 


Avg = +6.25 nm 

APoc(temp) = -0.25 dB or -5.6 % 
ARa = -23.1 % 

ARtemp = -23.3 % 


This shows that 5.6 % of the output power, and 
46.4 % of the receiver performance is lost which 
translates to 3.55 dB. The loss of 3.55 dB due to 
temperature difference between the ends of the 
link exceeds the 2.25 dB margin calculated for 
1 km of 62.5/125 um fiber. To be assured of reli- 
able operation when the ends of the link will dif- 
fer by 50°C either the length of 62.5/125 tm fiber 
must be reduced, or larger diameter fiber is re- 
quired. 


When using large diameter fiber for short distan- 
ces, take care not to exceed the 30 LA max input 
current of the CS8123 or CS8124. The TCL pin 
can be used to limit the output drive current 
thereby reducing the power coupled to the fiber. 


The CS8127 is specified to withstand up to 
100 mA _ of continuous current while the 
CS8123/4 specifications indicate that their maxi- 
mum output current is 115 mA. In normal opera- 
tion, the OPTIMODEM is driving the LED a fifth 
of the time. In this case, the 115 mA of output 
currrent is not continuous and will not damage 
the CS8127. 
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Mechanical Specifications — 


Bottom View 


0.46 piA. 
(0.018) Pin 1-NC 
Oo : Pin 2 - ANODE 
12.7 Pin 3 - CATHODE 
(0.500) | i, | Pin 4-8 -NC 


NC = No Connect | 
Pins 1, 4, 5, & 8 are electrically 
isolated, and may be soldered to 
board for mechanical stability. 
Pins 6 & 7 should be left floating. 






PINNO.1 — 
INDICATOR 


9 375-32 
7 UNEF-2A 
THREAD 

9.53 
(0.375) 


= 


|_ 2.54 

7 (0.100) 
3.81 

(0.150) - 





~All dimensions in millimeters and (inches). 
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Features 


® Crystal Intended for Use with CS8123 
and CS8124 


® Low Equivalent Series Resistance 


General Description 


The CXT9216 is intended to be used with the CS8123 
and CS8124 OPTIMODEM™ chips. The frequency set- 
ting and series resistance comply with OPTIMODEM™ 
requirements. 








The CS8123 and CS8124 no longer support an on-chip oscillator. 
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INTRODUCTION 


The CS1232 compares the system power supply to an on-chip band gap voltage reference and signals if 
supplies fall below 4.6 volts. This permits the host microprocessor to gracefully power down the sys- 
tem before supplies fail. Critical system parameters can be saved in. non-volatile memory for 
reinitialization when power supplies return to rated levels. The CS1232 also contains a watchdog timer 
and pushbutton reset circuit. The CS1232 is pin and functionally compatible with the Dallas Semicon- 
ductor DS1232 | a 


CONTENTS 
CS1232PowerMonitor = its 9-3 
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Micromonitor 
Features General Description 
The CS$1232 is a monitor for microprocessors which 
® Halts and restarts an out-of-control checks program execution, power source quality, and 


external reset status. 


The power status (Vcc) is monitored by a comparator 

and a precision temperature-compensated reference. 

Holds microprocessor in check during Reset is forced active by an internal signal when Vcc 

: goes out-oftolerance. Reset signals stay active for a 

power transients minimum for 250 ms after Vcc returns to an 

in-tolerance condition. This allows both power supply 
and processor to stabilize. 


The pushbutton reset control input is debounced and 
the active reset minimum pulse width of 250 ms is 


microprocessor 


® Automatic restart after power failure 


® Monitors pushbutton for external reset | guaranteed. 
The internal watchdog timer forces the reset signals 
: : active if the strobe input is not driven low prior to time 
¢ Monitors microprocessor power supply out. The CS1232 timer can be set to operate at 
to be within 5% or 10% of 5V time out settings of approximately 150ms, 600ms, and 
1.2 seconds. 
® No discrete components needed SHES Pee DIE’ SOIC is available, as well as 
_ ORDERING INFORMATION: 
® 8-pin Mini-DIP or 16-pin SOIC Model Temp. Range Package 
- CS1232- P 0°C to 70 °C 8-pin Plastic DIP 
: . ; CS$1232-IP -40 °C to +85 °C 8-pin Plastic DIP 
® Pin compatible with DS1232 CS1232- S$ 0 °C to 70 °C 16-pin SOIC 
. CS$1232-IS -40°C to+85°C — 16-pin SOIC 















DIGITAL 
SAMPLER pela s 
DELAY 








T.C. REFERENCE 







—.-— | LEVELSENSE | TIME OUT 

PBRST aoe ae COMPARATOR 
| : *® GND 
VOLTAGE 


SENSE 


nt . This document contains information for a new product. Crystal 
Frenminaly Eroaucl inlolmation Semiconductor reserves the right to modify this product without notice. 


Crystal Semiconductor Corporation APR ’91 
P.O. Box 17847, Austin, TX 78760 | | DS18PP3 


(512) 445-7222 FAX: (512) 445-7581 9-3 





a an a a ae | 
aaa enw | CS1232 





| ANALOG CHARACTERISTICS (Twin to Twax, Voc = 4.5 to 5.5V) 
| Parameter Symbol] Min | Typ | Max | 


Vcc Trip Point (Note 1) TOL = GND | Vcctp 4.50 4.62 4.74 NV 
TOL = Vec | Vcctp 4.25 4.37 4.49 V 










Notes: 1. All voltages ——s to ground. 
2. Measured with outputs open. 


RECOMMENDED OPERATING CONDITIONS 
ee 


Operating Temperature CS$1232 +70 °C. 
CS1232-l ot +85 °C 


Supply voltage (Note 1) 









DIGITAL CHARACTERISTICS = (tu to Twax, > 4.5V to 5.5V) 


ST and PBRST Input High Level (Note 1) 


ST and PBRST Input Low Level (Note 1) 


| Min | T 
<“aeom 
pM | 03 
Output High Current at 2.4 V RST ay dete! 
Output High Voltage at -500 uA RST only (Note 3) Vou | Veo-05 | Voo-0.4 | 
Pst 
Ee 4 








Output Low Current at 0.4 V RST, RST 







Input Leakage (Note 4) 


fie ae 

Input Capacitance TA = 25°C | cn | - | - | 

Output Capacitance TA = 25°C | Cour} = | = | 7 

Notes: 3. On power-down, RST typically remains within 0.5V of Vcc (and RST typically remains within 0.5V 
of GND) until Vcc falls below 2.0V. | 


4. PBRST is internally pulled up to Vcc with a 100 kQ resistor. TD is internally 
pulled up to Vcc with a 100 kQ resistor and pulled down to ground with a 100 kQ resistor. 








| Specifications are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 





Soldering Temperature 260 °C tor 10 sec 


WARNING: Operation at or beyond these limits may result in permanent damage to the device. 
Normal operation is not guaranteed at these extremes. 


SWITCHING CHARACTERISTICS (tan to Tmax, Voc = 5V + 10%) 


ST Pulse Period (Note 6) TD pin at Ground 150 
TD pin floating 600 
TD pin connected to Vcc tTD 400 1200 





Note: 5.tR=5 us —_ 
6. trp is the maximum elapsed time between ST pulses which will keep the watchdog timer from forcing 
RST and RST to the active state for a time of trsT. 
7. RST is an N-channel open drain output. 
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PBRST 





Timing Diagram—Pushbutton Reset 


ST ts | | 


Timing Diagram—Strobe Input 





Timing Diagram—Power Up 
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POWER SUPPLY MONITOR 


The CS1232 will detect out-of+tolerance power 
supplies for processor-based systems as well as 
warn of an impending power failure. The TOL 
digital input pin defines the threshold level for 
Vcc; when the Vcc level drops below the TOL 
defined level, the CS1232 asserts the signals 
RST and RST. The threshold level is set to typi- 
cally 4.37 V if TOL is connected to Vcc, and is 
set to typically 4.62 V if TOL is connected to 
GND. The processor is allowed to continue until 
the last possible moment that Vcc is valid. Upon 
return of power, RST and RST are active for 250 
ms (minimum) to allow stabilization. 





PUSHBUTTON RESET CONTROL 


PBRST is normally connected to a reset push- 
button (see Figure 1). This active low signal is 
debounced and timed to generate signals of 
250 ms (minimum) for RST and RST. The delay 
begins when PBRST is released from from the 
low state. PBRST has an internal 100 kQ pull-up 
resistor. 











Figure 1. Pushbutton Reset 
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WATCHDOG TIMER 


When RST and RST become inactive (normal 
CPU operation), the watchdog timer starts timing 
out, using the time set by TD. RST and RST are 
forced active when ST is not stimulated for this 
predetermined time. TD sets the time to be: 150 
ms if TD is connected to ground, 600 ms is TD 
is not connected, or 1.2 seconds with TD con- 
nected to Vcc. RST and RST are driven active 
for 250 ms (minimum) if no high-to-low transi- 
tion occurs on the ST input pin before time out. 
Microprocessor address signals, data signals, 
control signals, and output port bits can be used 
for the ST input pin. These signals cause the 
watchdog timer to be reset prior to time out in- 
dicating normal function of the microprocessor 
(see Figure 2). 









CS1232 


Z80 Decoder 





Address Bus 





RST 


Figure 2. Watchdog Timer 
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- PUSH BUTTON RESET INPUT 


a ts TIME DELAY SET 
-» “SELECTS Vcc DETECT LEVEL | 
oe GROUND © 


| ~NO CONNECTION . 

. PUSH BUTTON RESET INPUT 
NO CONNECT 

TIME DELAY SET: 

~ NO CONNECT 

SELECTS Vcc DETECT LEVEL 
NO CONNECT 

GROUND 
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PBRST 


TD 
TOL 
GND 


NC 


NC 


— TD 


NC. 


~ TOL 


. -NC 
GND 





Vcc 


ST. 
RST 


RST RESET OUTPUT (Active High) 





+5 VOLT POWER | 
STROBE INPUT 
RESET OUTPUT (Active Low, Open Drain) 


NO CONNECT 

+5 VOLT POWER 

NO CONNECTION . 

STROBE INPUT 

NO CONNECT , : 

RESET OUTPUT (Active Low, Open Drain) 
NO CONNECT 

RESET OUTPUT (Active High) 
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INTRODUCTION LA 


High-quality evaluation boards are available to allow rapid evaluation of Crystal products, often freeing 
the customer from the task of initial breadboarding. The layout and grounding schemes may be used as 
guidelines for the customer’s own system design. Isolation of system Popes can be aided by 
nee with the evaluation board ese 


USER? S GUIDE | 


Cost Paced 


CDB6152° ~ CS6152-P Low Power T1 Line Interface 
CDB61534 CS61534-P | PCM Line Interface | 
CDB61535 CS61535-P PCM Line Interface © 
CDB61574 | CS61574-P PCM Line Interface 
CDB61575 CS61575-P PCM Line Interface 
CDB6158 CS6158-P PCM Line Interface 
CDB61535A CS61535A-P PCM Line Interface 
CDB61574A CS61574A-P PCM Line Interface 
CDB6158A | -. CS615S8A-P PCM Line Interface 
CDB61544 | CS61544-P T1 Line Interface 

CDB6159 |  CS6159-P . > 7 Low Power PCM Line Interface 
CDB8123, CS8123-P OPTIMODEM™ 

CDB8124 CS8124-P OPTIMODEM™ 

CDB8125/6 CS8125-P & CS8126-P Optical Line Interface 





CONTENTS — | 
CDB6152 Low Power T1 Line fanethices 10-3 
CDB61534/61535/61574/6158 PCM Line Interface 10-7 
CDB61535A/61574A/6158A/61575 Es Line Interface 10-11 
CDB61544 T1 Line Interface | | 10-13 
CDB6159 Low Power PCM Line Interface 10-15 
» (CDB8123/8124OPTIMODEM™ = se “& © =f0-19 
~. C€DB8125/6 T1 ae Line Interface. 10-25 
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, ! CDB6152 
Semiconductor Corporation , 
Evaluation Board for CS6152 


Features General Description 


@e Socketed CS6152 Line Interface IC The evaluation board includes a CS6152 line interface 
IC and all support components required for evaluation. 


The board is powered by an external 5 Volt supply. 


® All Required Components for Complete | The board features four binding post connectors for 
connecting two 100Q twisted pair T1 lines to the trans- 
Line Interface Evaluation formers on the board. BNC connectors allow easy 
access to the digital transmit clock and data inputs and 
: : , the digital receiver data outputs. 
® DIP Switch Configuration of all CS6152 - <a ee. 
An LED status indicator is provided for monitoring the 


Control Inputs CS6152’s Driver Performance Monitor (DPM) output. A 
: DIP switch is provided for configuring the CS6152’s 
; contro! input pins: LENO, LEN1, LEN2, TAOS, and 
e LED Status Indicator for CS6152 Driver | HIGHZ. 


Performance Monitor Output ORDERING INFORMATION: CDB6152 

















Block Diagram 


+5V GND 

TCLK ©} TTIP | 
TNEG (3) 4 TRING 
TPOS TER Sranus STATUS 

(o} 

ig CS6152 TER Sranus 
Rs1 (6) = | RTIP 
RS2 ©) | 7 - RRING | 


rene | MEI Sonal: 
LLEN1 [ 
LLEN2 | 
TAOS | 





HIGHZ |Ll 
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CIRCUIT DESCRIPTION. 
Power Supply | 


As shown in the schematic in Figure 1, power is 


supplied to the evaluation board from an external 


+5 Volt supply connected to the two binding 
posts labled +5V and OV. D1.is a transient sup- 
pressor which protects the components on the 
board from overvoltage damage and reversed 
supply connections. The supply decoupling 
recommended in the CS6152 data sheet is 
provided on the board by C1, C2 and C4. C2 is 
the 1.0uF decoupling capacitor which decouples 
TV+ to TGND. Similarly, the parallel combina- 
tion of C1 (a 0.1pF ceramic capacitor) and C4 (a 
68uF capacitor) is used to decouple RV+ to 
RGND. The CS6152 TV+ and RV+ leads are 
tied together at the IC. 


Transmit Circuit 


The CS6152’s digital transmitter inputs are 
brought in through the BNC connectors labeled 


TCLK, TPOS and TNEG for the transmit clock | 


and NRZ data respectively. The transmitter out- 
put is coupled onto a 100Q twisted pair T1 line 
at the TTIP and TRING binding posts using a 
1:1.36 step-up transformer (X1). C3 is the 
0.47uF blocking capacitor recommended in the 
CS6152 data sheet. 


Receive Circuit — 
The CS6152’s receiver inputs are transformer 


coupled to the T1 twisted pair cable connected to 
the RTIP and RRING binding posts on the board. 


A center-tapped, center-grounded, 1:2 trans-— 


former, X1, is used to provide equal amplitude 
pulses of opposite polarity to the RTIP and 
RRING pins of the CS6152. R1 and R2 are 
200Q resistors which terminate the T1 line with 
100Q. The CS6152’s digital receiver outputs are 
brought out to the BNC connectors labeled RS1 
and RS2. 
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~ Control Circuit 


The CS6152 digital control inputs are configured — 
using the DIP switch SW1. Placing a switch in 


the "on" position grounds the corresponding pin 


of the same name placing it in the logic "0" or 
"off" state. LLENO, LLEN1 and LLEN2 select 
the transmitter line length setting as described in 
the CS6152 data sheet. TAOS selects the trans- 
mission of all ones at the TCLK frequency. 


~ HIGHZ causes TTIP, TRING, R1 and R2 to 


enter a high impedance state. 


Driver Performance Monitor 


_ An LED status indicator is provided on the board 


for the Driver Performance Monitor (DPM) out- 
put of the CS6152. The LED is turned on to indi- 
cate that the CS6152 has transmitted somewhere 
between 31 to 63 or more consecutive zeros. 
Note that DPM can not change state if the TCLK 
signal is removed. 
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EVALUATION HINTS 

1. Be sure to properly terminate TTIP and 2. Note that the SW1 position labeled "on" (the 
TRING when evaluating the transmitted signal. closed position) grounds the corresponds pin of 
For more information on pulse shape evaluation the same name on the CS6152 and places the 


refer to the Crystal application note AN-7 en- function in the logic "0" or "off" state. 
titled, "Measurement and Evaluation of Pulse 
Shapes in T1/PCM-30 Transmission Systems”. 


V+ 













C4 
+5V + 
D1 68 uF 
P6KE 
OV @ C2 C1 V+ 
~ Sie OVUF, RPA 
7 i = 5.6kQSIP 
12 19 20 : 
4 RV+ RGND ],,, we ate: 
TEST! LENO 
+ _/\ teste censi22_ || 
10} tesT3 tensi23 | S| 
TAOS a 
= HIGHZ 
Qt 
2N2222 
LED SZ CS6152 
R3 
5602 
Rsi @ 6} Rs1 


a ae 


TCLK (6 u 
TPOS (6 


NEG G}——__-3 





Note: X1 is a dual transformer (1:2,CT & 1:1.36) 
PE-64952 or Schott 68114920 


Figure 1. CDB6152 Schematic 
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PCM Line Interface Demonstration Board 


Features General Description 


@ Socketed Line Interface IC: Either the The board comes with a socketed line interface IC plus 
all the discretes required so that the device’s perfor- 





CDB61535 CDB61534 
CDB6158 CDB61574 











mance can be verified in the lab without having to build 
CS61534, CS61535, CS61574, or related 
CS6158 The board has four banana connectors for connecting 


two 100-to120 ohm twisted pair cables to the line trans- 
formers present on the board. Two other banana 
connectors allow for easy connection of an external five 
volt power supply. Power supply decoupling capacitors 
: : are resident on the board. BNC connectors allow easy 
Line Interface Functionality access to the Received Clock and Data, the Transmit 

Clock and Data, and the Alternate Clock. Testing ter- 

minals provide access to the Serial Control Interface, 


All Required Components for Complete 


® Slide Switch Selection of Control Inputs | DPM, MTIP, MRING, TTIP, TRING, LOS, and center 
tap of the transmit transformer. 
; : Additional components provided on the board are a 
® Reset Circuit crystal, a reset circuit, and a DIP switch for controlling 
the input pins: LENO, LEN1, LEN2, TAOS, RLOOP, and 
LLOOP. 
& 


Mode Selection Circuit (When ORDERING INFORMATION: CDB61534, CDB61535, 
CDB61574, CDB6158 
Applicable) 





BOARD LAYOUT 


@)|8)° > |ele. 


2 o, @| © TRING TTIP 


i Receive ROV Transmit Circuit 
Control Circuit a 
Circuit | : © TXRING 


RESET [aa] 
Reset Circuit 


Coax : 
eS i Transmit : 
6.176 MHz : Circuit 
(or 8.192 MHz) 


i Selection ie © o © © 
ircuit L-XMITDATA ‘REC DATA 


pprreney 7.) — 
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CIRCUIT DESCRIPTION 


The PCM Line Interface Demonstration Board is stalled for T1 operation and a 8.192 MHz crystal 
an evaluation tool for Crystal’s pin compatible which can be installed for PCM-30 operation. As 
line interface ICs: the CS61534, CS61535, an alternative on the CDB61534, a clock of ex- 
CS61574, and CS6158. The board allows the actly four times the TCLK frequency can be 
device to be evaluated with no further bread- input to XTALIN, disabling the jitter attenuator. 
boarding required. The ’34, ’35 and ’74 boards | 

come with two crystals: a 6.176 MHz crystal in- 


Jumper connected for CS6158 



















+5V HOST 
i 4 | 
i R3< 220 kN 
Not present 
: Toggle ( +5V 
fon, for CS6158) RESET 
RAS 1010 | Switch 035 1 047 uF as a ee ee, . 7 
BNC’s | HARDWARE _L Dat wt 'DIP Switch 
| Alternate = 2 (eee (ed ee ae ee | | 
(oy External Clock TT ACLK 28 6 eens 
\ in Header 


SyTransmitData_| 3 (boee 
7~< Transmit Data 3 

(S) = TPOS 

x Positive 


GS 


/ Transmit Data 








Negative 
Cc Receive Data Neg. 


( RNEG CS61634_ LENo/INT |23 5——+o—0 INT 
6 Receive Data Pos. 7/Rpos CS61535 RGND [22 ae “  Fop)” 
Co Receive Clock 8! acLK cS6158 : +5V :4.7 K) SIP 

ST 5V (for CS6158) , 1 : 


XTALIN (RT on’58) RV+ if 


be wwcrccmemenwansccnaccanennccenencencarentannsncanacct 


Ri 2000 vt 
= 221 AS 
SRTIP 


1.0 uF , (R6) Dual sna 


+ TLAAA,- 
6.176 MHz—— 
Sa He ee Nie 10! YTALOUT (NC on ’58) 
with CS6158) =o Uppy MRING 


Test Pins 
o12I110s MTIP 






















Be mewe enn wsewences 


R7 4.70 1:2 


Note: Pins 23 - 28 are single function on the CS6158, i. e. there is no serial interface. 


Figure 1. Eval Board Schematic 
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Transmit Circuit 


The transmit circuit consists of a 1:2 step-up 
transformer (T1), a blocking capacitor, and 
banana connectors (TTIP and TRING) for ter- 
minating a twisted pair. For operation with 100 
or 110Q twisted pair, connect pin 3 to pin 4 on 
pin header J1. 


To support interfacing to a CCITT coax line 
(75Q load, and 2.37V pulse height), a 4.7Q 
resistor (R7) is provided to control pulse 
amplitude and correctly terminate the cable. To 
use this resistor, remove the jumper connecting 3 
and 4 from pin header J1. 


Test pins, TxTIP and TxRING, can be used to 
directly access pins 13 and 16 of the IC. TxREF 
allows access to the center tap (line side) of the 
transmit transformer. 


Receive Circuit 


The receive circuit consists of a center-tapped 
1:2 transformer (T2) and banana connectors 
(RTIP and RRING) for connecting the receive 
twisted pair. Resistors R1 and R2 are each 
200 Q, providing a 100 Q termination load for 
twisted pair applications. The resistors should be 
replaced by 150 resistors for 7592 CCITT coax 
cable interface, and 240 © resistors for 120 Q 
twisted shielded pair interface. 






1 
LLOOP (27) 








CS615Xx Pin 
Switch Affected 
ecte On (right, toward center of board)| Off (left, toward edge of board) 


| 4 | LENO (23) 

LEN1 (24) | Logic High Logic Low 

LEN2 (25) 

RLOOP (26) | Loopback selected 

ae TAOS (28) Transmit all 1’s to the line 


The CS6158 requires a 1.544 MHz (or 2.048 
MHz) input signal on ACLKI (the ACLK BNC) 
for the receiver frequency reference. 


Power Supply 


The power supply circuit consists of two banana 
connectors (GND and +5) for connecting to 
ground and plus five volts. A 1.0 uF decoupling 
capacitor is supplied for the transmit power 
supply pins. 0.1uF and 68uF capacitors are sup- 
plied for the recieve power supply. 


Mode Selection Circuit (34, ’?35 & ’74 boards 
only) 


The Mode Selection circuit controls pin 5 of the 
CS61534, CS61535 and CS61574, and selects 
between host mode and hardware mode. The cir- 
cuit consists of a toggle switch and a 10kQ resis- 


tor (R4). 





Switch Position 


Loopback not selected 


Table 1. Switch Position Interpretation 
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RESET Circuit - 


The RESET circuit consists of a switch, two 
diodes (D1, D2), a capacitor (C3) and a resistor 
(R3). When in the hardware mode and the switch 
is pushed, the RLOOP and LLOOP pins are 
momentarily pulled high. RESET is invoked in 
the host mode by writing a command over SDI. 


Control Circuit -Hardware Mode Operation 

The control circuit consists of a set of 6 DIP 
slide switches which control pins 23 through 28 
as shown in Table 1. Turning a switch on 


provides a 5 Volt signal to the corresponding pin. 


Control Circuit -Host Mode Operation 


The serial bus pins of the CS61534, CS61535 


and CS61574 are accessed by connecting to the 
10 pin header. Each pin on one side of the header 
is connected to the adjacent pin on the other side. 
The DIP slide switch is still used to control 
CLKE (pin 28). Placing the CLKE slide in the 
on position, gives RCLK and SCLK polarity 
compatible with the CS2180A. When CLKE is 
in the off position, RCLK has the same polarity 
as in the hardware mode (R8070 compatibility). 
All of the other DIP switches are disabled in the 
host mode. 
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WATCH OUT! Do not switch the board to the 
hardware mode when it is connected to your 
serial interface. If any of the dip switches are on, 
the power supply will be connected to your 
serial interface, potentially damaging its output 
circuits. a | 


EVALUATION HINTS 


1. Be sure to properly terminate TTIP and 
TRING when evaluating the transmitted signal. 


2. When externally implementing a loopback by 
connecting RPOS/RNEG to TPOS/TNEG and 
RCLK to TCLK, be sure to insert an inverter be- 
tween RCLK and TCLK (1.e., when in the 
hardware mode, or when in the host mode and 
CLKE is low). 
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PCM Line Interface Evaluation Boar 








Features General Description 
® Socketed Line Interface IC: Either the The evaluation board includes a socketed line interface 
CS61534. CS61535. CS61535A IC and all support components required for evaluation. 


CS61574. CS61574A. CS61575 The board is powered by an external 5 Volt supply. 
CS6158 ar CS61 58h. The board has four banana connectors for connecting 


two 100-120 Q twisted pair cables to the line trans- 


formers on the board. The board may also be 
® 
All Required Components for Complete connected to 75 Q coax lines. BNC connectors provide 





Line Interface Evaluation easy access to the Received Clock and Data, the 
Transmit Clock and Data, and the Alternate Clock. LED 
e DIP Switch or Serial Interface indicators are provided to monitor all IC status outputs. 
Configuration of Line Interface The line interface may be configured using DIP 
: switches in the Hardware and Extended Hardware 
e LED Status Indicators modes, or it may be configured using the serial interface 
Bete ae ,; in Host mode. 
® Mode Selection Circuit Supporting 
Hardware Modes CDB61574, CDB61575, CDB6158, 
CDB61535A, CDB61574A, CDB6158A 
Block Diagram 
+5V OV 
) © 


Mode Select — 
3 5° me 






Silos Reset 
Serial Interface 
Control Circuit 





aaa RTIP 
cs61534, ce 
CS61535, 
LED STATUS 
CS61535A, = RRING 
CS61574, 
eA , al © CS61574A, 
TCLK (} CS61 575, 
— a ee. CS6158 Cc XTL 
(TDATA) — © or 
CS6158A 
TNEG C 
(TCODE) = g 
RCLK (Se 
RPOS 
(RDATA) = (SF 
RNEG © 
(BPV) = S 
Crystal Semiconductor Corporation JUL ’90 
P.O. Box 17847, Austin, TX 78760 | DS40DB1 


(512) 445-7222 FAX: (512) 445-7581 10-11 








atelodatatetetene ecncermteicacsncesoaecenecmneretensecscseceretesnaesnantaeiecneeretaseneoesosnoerenesenosmsnsaresecepesonesmrstesetenenssnsmrmtasesetesreeeonet salatecebecetebetereteleteteteterers 








10-12. - ~~ dDS40DBT 





4D Eh EE 4D 40 al 
7 EEFaww@ &# EHH 
AD HE 4D 4D Oo Hi &y 


Semiconductor Corporation 


CDB61544 





PCM Line Interface Demonstration Board 





Features 
® Socketed CS61544 


® Complete Line Interface Function 
® Slide Switch Control of Digital Inputs 


® Reset Circuit 


General Description 


The board comes with a socketed CS61544 IC plus all 
the discretes so that the CS61544’s performance can 
be verified in the lab without having to first build a 
breadboard. 


The board has four banana connectors for connecting 
two 100 ohm twisted pair cables to the line transformers 
present on the board. Two other banana connectors 
allow for easy connection of an external five volt power 
supply. Power supply decoupling capacitors are resi- 
dent on the board. BNC connectors allow easy access 
to the Received Clock and Data, the Transmit Clock 
and Data, and the Alternate Clock. Testing terminals 
provide access to the Serial Control Interface, DPM, 
MTIP, MRING, TTIP, TRING, LOS, and center tap of 
the transmit transformer. 


Additional components provided on the board are a 
crystal, a reset circuit, and a DIP switch for controlling 
the input pins: LENO, LEN1, LEN2, TAOS, RLOOP, 
LLOOP, B8ZS, and RAOS. 


ORDERING INFORMATION: CBD61544 





BOARD LAYOUT 


eS 

Control 

aa e D PO o 
io 


1Kx9 


SIP 
RESISTOR 


B8zS 
RAGS ~-— 


POS. 


RESET EVALUATION 
BOARD 


Reset Circuit 


C3 +t— 
C4 —1e— 


R3 —w— 


R4 —w— 


ALTERNATE TRANSMIT TRANSMIT 
EXTERN CLOCK 
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NEW AND IMPROVED RESET CIRCUIT 
_ (NOT PROVIDED, BUT RECOMMENDED FOR 


SIMILAR DESIGNS) 





3 | CDB6159 
Semiconductor Corporation 
Evaluation Board for CS6159 


Features General Description 


@® Socketed CS61529 Line Interface IC The evaluation board includes a CS6159 line interface 
IC and all support components required for evaluation. 
The board is powered by an external 5 Volt supply. 


. The board features four binding post connectors for 
@ 
All Required Components for Complete connecting two 100 twisted pair lines to the trans- 


Line Interface Evaluation formers on the board. The board may also be 

connected to 75Q coax or 120Q twisted pair lines after 

replacing the receiver termination resistors and setting a 

a jumper. BNC connectors allow easy access to the digi- 

® DIP Switch Configuration of all CS6159 | tal transmit clock and data inputs and the digital 
Control In outs receiver clock and data outputs. 











An LED status indicator is provided for monitoring the 
CS6159’s Loss Of Signal (LOS) output. A DIP switch is 


; provided for configuring the CS6159’s control input pins: 
® LED Status Indicator for CS6159 LENO, LEN1, LEN2, TAOS, LLOOP, and RLOOP. 


Receiver Loss of Signal Output ORDERING INFORMATION: CDB6159 





Block Diagram 








+5V GND 
TCLK @ 
: TRING 
TNEG (©) [OS | 
: HEB Sratus | STATUS 
= HEB Sratus | TOR 
ACLK (6) 
Ke CS6159 PASSIVE RC 
= LOOP FILTER 
RCLK (@) | 
= RTIP 
RPOS (6) | | 
= RRING 
RNEG ©) 
mete = 
LLEN1 
LLEN2 
TAOS 
LLOOP 
RLOOP 
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CIRCUIT DESCRIPTION 
Power Supply | | 


As shown in the schematic in Figure 1, power is 
supplied to the evaluation board from an external 
+5 Volt supply connected to the two binding posts 
labeled +5V and GND. CR1 is a transient sup- 
pressor which protects the components on the 
board from over-voltage damage and reversed 
supply connections. The supply decoupling 
recommended in the CS6159 data sheet is 
provided on the board by C1, C3 and C4. C4 is 
the 1.0uF capacitor which decouples TV+ to 
TGND. Similarly, the parallel combination of C3 
(a O.lpF ceramic capacitor) and Cl (a 68yF 
electrolytic capacitor) is used to decouple RV+ to 
RGND. The CS6159 TV+ and RV+ supply traces 
are tied together at the IC. | 


Transmit Circuit 


The CS6159’s digital transmitter inputs are 


brought in through the BNC connectors labeled 
TCLK, TPOS and TNEG for the transmit clock 
and NRZ data respectively. The transmitter output 
is coupled onto a 100Q or 120Q twisted pair line 
at the TTIP and TRING binding posts using a 
1:1.36 step-up transformer (T1). The transmitter 
output may also be connected to a CCITT 75Q 
coax line after the removal of the jumper J1 
which places a 10Q resistor, R3, in series with the 
transmit transformer. This resistor is used to 
generate the required CCITT 2.37 V peak pulse 
amplitude and provide the appropriate equivalent 
load impedance to TTIP and TRING. C5 is the 
0.47uF blocking capacitor recommended in the 
CS6159 data sheet. 


Receive Circuit 


The CS6159’s receiver inputs are transformer 
coupled to the line connected to the RTIP and 
RRING binding posts on the board. A center- 
tapped, center-grounded 1:2 transformer, T1, is 
used to provide equal amplitude pulses of op- 
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posite polarity to the RTIP and RRING pins of 
the CS6159. The receive line is terminated by the 
resistors RS and R6. As supplied from the factory, 
R5 and R6 are 200Q resistors for terminating a 
100Q T1 twisted pair line. R5 and R6 should be 
replaced with 240Q resistors for terminating a 
120Q CCITT twisted pair line. For a 75Q CCITT 
coax line R5 and R6 should each be 150Q. 


The CS6159’s digital receiver clock and data out- 
puts are brought out to the BNC connectors 
labeled RCLK, RPOS and RNEG respectively. 
An external reference clock may be supplied via 
the ACLK connector for substitution on RCLK 
during loss of signal. An LED status indicator is 


_ provided for monitoring the CS6159 Loss Of Sig- 


nal (LOS) output. The LED is illuminated when 
LOS is asserted indicating the receipt of 175 con- 
secutive zeros. R1 and C2 are the external PLL 
loop filter components recommended in the Ap- 
plications section of the CS6159 data sheet. R2 is 
the external resistor used to set the PLL’s ICO 
center frequency. 


Control Circuit 
The CS6159 digital control inputs are configured 


using the DIP switch S2. Placing a switch in the 
"on" position grounds the corresponding pin of 


the same name, placing it in the logic "0" or "off" 


state. LLENO, LLEN1 and LLEN2 select the 
transmitter line length setting, the clock recovery 
circuit’s ICO center frequency and the receiver 
data slicing level as described in the CS6159 data 
sheet. RLOOP selects the CS6159’s remote loop- 
back mode, and LLOOP selects the local loop- 
back mode. Simultaneously asserting RLOOP 
and LOOP places the device in the reset state. 
TAOS selects the transmission of all ones at the 
TCLK frequency. 
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EVALUATION HINTS 


1. Be sure to properly terminate TTIP and TRING 
when evaluating the transmitted signal. For more 
information on pulse shape evaluation refer to the 
Crystal application note AN-7 entitled, "Measure- 
ment and Evaluation of Pulse Shapes in T1/PCM- 
30 Transmission Systems". 


V+ 
+5V & 
CR1 
P6KE 
= = 1.0 uF 
18 19 
R1* 
C2* Ro 
ACLK (0} 


RCLK 


RPOS 


RNEG 


TCLK 


TPOS 


TNEG 


HQ) HQ) WHE) HH) HH) IH) | 


Q1 
2N2222 


avelocetotovetateretotetetetetuceretsretotatateratetotatetatatatatoteceraterecarerecatacetdtatetatetatetaretatetererstetoterscatscatatstetnvelaratetaveeretycaratotatetetat stare’ ater ster staraselerscete‘everacetatn’sta'etareratateveratelerarerareretaraterereteratateteletslotatstatatetavererateteretetotatera 
an atatatatatotntatocatstecatata.stetatsloueterateteteresgecsesnses ocnsererenseeepeate stocstove trois snore erstsnsrerecgus aseulossesrerasgeseeresslns tategtarseneatetses ca tverescecslsenepesentataretsyie 


atateratatatetatecaterecsterererscaterarssotece scutntatarorenoretate denture vracasntocenatasasers ues erurareecnenecacurecaturaratarararaarareen apeneetatairans 
vetatetetateteteneteeats esanererererarscerecnasnetnarsrecanesstavatateracsnae s peseonasacarsssvenssernterstgsutaratataes guaeuspes donee Bestgrgratacaea teatnentoravarararted onesArang usta aratouaeanstued aterers/onsavewatnrgustatece™bronatatareleatenw cen y 


Note: T1 is a dual transformer (1:2,CT & 1:1.36) /10° 


CDB6159 


2. Note that the S2 position labeled "on" (the 
closed position) grounds the corresponding pin of 
the same name on the CS6159 and places it in the 
logic "0" or "off" state. 


V+ 


O.1uF, —L : RP1 
= : 4.7kQSIP 
6 
21 ai - 





- §2 
- DIP Switch 


). RRING 


: RTIP 


). TRING 


:TTIP 





PE-64952 or Schott 68114920 


*Contact the factory for the appropriate component values 


Figure 1. CDB6159 Schematic 
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Semiconductor Corporation 


OPTIMODEM Evaluation Kit 


Features General Description 


® Kit includ W rds and an optical The CDB8123 and CDB8124 Evaluation Kits allows fast 
Gude wombat ° p evaluation of the CS8123 or CS8124 OPTIMODEM. 


CDB8123 
CDB8124 

















cable . ae 
| Digital serial I/O is via a standard RS232 DB25 pin 
female connector. Jumpers to allow various different 
e Industry standard RS232 DB25 pin serial I/O modes are provided. In addition, LEDs are 
serial connector provided to show the status of the RS232 control sig- 
nals and data paths. 
@ Industry standard ST fiber connector BNC connectors are provided to allow easy access to 
OPTIMODEM clock and data lines, primarily for high 
as ae speed synchronous evaluation. 
© LED RS232 status indicator e . 
The fiber optic cable connector is a standard ST style 
male version. The board requires a +5V supply. The 
© On board -5V generator for RS232 negative supply for the RS232 drivers is supplied by an 
interface on-board inverter circuit. 
ORDERING INFORMATION: 
@ Adjustable LED drive current CDB8123 
7 CDB8124 
Indicator LEDs RxD RxC TxD TxC 
TTT Gr Gr GY G> 
DB25 
Connector | 
ee C$8123/4 
Connection 
Ce ba Fiber 
HR Z| es 
| | LED 
© onl ate 
: eo Handshake 
ee ee pa ~ CONTROL 
© OO) 
AND 
fae A boul MODE 
SELECTION 
Xtalas 
_i_ 
ls . L_ RESET 
2 ad 
Generator | : 
ov +5V 
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P.O. Box 17847, Austin, TX 78760 DS17DB2. 


(512) 445-7222 FAX: (512) 445-7581 10-19 





aa an a eee 
! mranw@ @ af 
HH aw f mm 


 CDB8123 
-CDB8124 





INTRODUCTION 


and CS8124 ICs. In the CDB8124, a CS8124 is 
provided along with a LED and crystal, as well as 
ancillary circuits for controlling the CS8124 and 


interfacing it with a variety of off-board | 


hardware. The CDB8123 contains a CS8123. 


The CDB8123 and CDB8124 boards have the 


same layout and components. The CS8123 does — 
not support synchronous operation (i.e., does not 


use the TxC and RxC clocks). Therefore when 
using a CDB8123, the clock control switch, SW2, 
should be set to its "EXT TxC" position, and the 
DR1/2/3 DIP switches should be set to the off 
(zero) position. 


CIRCUIT BOARD DESCRIPTION 
RS-232 Interface 


The board is designed to allow easy interface to 
RS-232 systems. The 25 position '"D" connector, 
Pl, is configured as specified in EIA RS-232 
documentation. The 20 pin stake header, J2, is 
provided so that the signals to and from J1 can be 
easily reconfigured. For example, to operate two 
OPTIMODEMS in the End-to-End (transparent) 
mode between a DTE and DCE, the signals; DTR 
and DSR, CTS and RTS, and RxD and TxD 
should be interchanged at J2. For operation in the 
Modem Control (handshake) mode, signals 
should be connected straight through using the 
jumpers provided with the boards. 


Though the CS8124 is capable of data rates to | 


256kbps in the synchronous mode, the RS-232 
line drivers are slew rate limited and only capable 
of operation to about 100kHz. For operation at 
speeds above 100kHz, interface to the board at 
connector J1, or via the TxC, TxD, RxC, RxD 
BNC connectors. Never drive a clock signal into 
TxC with the OPTIMODEM TxC pin set to out- 
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put. Always set SW2 to "EXT TxC" when driving 
: | ees : . TxCexternally, 
The CDB8123 and CDB8124 evaluation kits are fy 


designed to aid in evaluation of Crystal’s CS8123.. Status LEDs 


A set of LEDs has been provided to indicate the 
status of the control and data signals. The DCD 
LED on. shows that synchronization between the 
two OPTIMODEMS has been achieved. 


OPTIMODEM Pin Access 


Stake header J1 allows direct access to the pins of 
the OPTIMODEM, and can be used to interface 
the device to external communications circuits 
such as a USART. 


For the CS8124, switch SW2 controls the status 


of the CKC (clock control) pin, and the TxC sig- 
nal path. When SW2 is in the "EXT TxC" 
position, an external TxC must be input to the 
OPTIMODEM, and the TxC(I) signal path is con- 
nected to the OPTIMODEM TxC pin. When | 
SW2 is in the "8123/4 TxC" position, the OP- 
TIMODEM outputs TxC, and the TxC(O) signal 
path is connected to the OPTIMODEM TxC pin. 


Configuration 


The SW1 DIP switches control the modes and the 
data rates of the OPTIMODEM. When a switch is 


_ open (off), the corresponding pin is connected to 


ground. See Tables 2 and 3 of the CS8123/4 data 
sheet for information on configuring the 
CS8123/4. | : 


Clocking Options 


A 9.216 MHz crystal has been provided with the 
board, with J3 left open. Optionally, the XTL pin 
can be driven by an external clock via J3 and the 
EXTCLK BNC connector. This clock must 
operate at logic levels of 0.9VD+ high and 
0.2VD+ low; and must have a nominal 50% duty 
cycle. 
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If a crystal is used, we recommend leaving 
jumper J3 open to minimize capacitive loading. If 
the same external clock is used for both boards, 
one board must be in forced slave mode before 
synchronization can occur. 


Transmit Current Level Adjustment 


Potentiometer, R7 can be used to control the 
amount of power the OPTIMODEM delivers to 
the LED. Turning the control screw clockwise 
will increase the resistance from the TCL pin to 
ground which increases the LED drive current. 
Note, the OPTIMODEM must be removed in 
order to measure the potentiometer resistance. 


Miscellaneous 


We recommend copying the power and ground 
plane arrangements on the evaluation board for 
all boards designed to use the CS8123 or 
CS8124. A small amount of patch area has been 
provided to allow the addition of other circuitry 
to the board. 


Getting Started 


The first step is to link two evaluation boards 
together using the fiber optic cable provided. 
Connect each board to a +5V DC power supply 
and select either transparent or modem control 
mode. Select the same baud rate for each board 
and ensure that the diagnostic control pins are set 
appropriately. 


Ping-pong synchronization should occur, which is 
indicated by DCD going low, illuminating the 
DCD LED on both boards. If continuous transmit 
is selected on one board and continuous receive 
on the other board, only the board set for con- 
tinuous receive should indicate digital carrier 
detect, DCD. 











On the CS8124, if you are having difficulty es-. 


tablishing ping-pong synchronization, verify that 
the oscillator has started by selecting the 8123/4 
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TxC" option and observing the TxC(O) output 
which should be at the data rate selected on 
DR1/2/3 or one sixth the crystal frequency if in 
continuous transmit mode. Do not attach a probe 
to the XTL pin as additional load may kill oscilla- 
tion. 


If the oscillators on both parts are running, try 
using continuous transmit and receive in both 
directions to see if a single direction link can be 
established. Operation of the linear channel is 
more robust in continuous receive mode because 
the device does not switch between transmit and 
receive operation. 


The best way to see what is going on is by using 
the Tektronix 2815 OPTO-Scope. The OPTO- 
Scope is an oscilloscope with an optical input 
which has a provision for connecting fiber cable 
directly into a ’scope input, and displaying a cor- 
responding waveform on the screen just as one 
would observe a signal on a wire conductor. By 
using optical couplers, it is possible to observe 
synchronization and ping-pong operation of the 
OPTIMODEM. 


An alternative to the OPTO-Scope is to use a con- 
ventional ’scope, and observe the LDN and LDP 
pins. Signals on these pins should be observed 
differentially; that is, use two channels on the os- 
cilloscope, invert the second channel and add it to 
the first. The receiver probably will not work 
when a ’scope is connected across the LED. 


If connecting two computers together, use the 
boards as DCEs. Select the modem control mode; 
RS2 is high. The "straight through" jumper option 
at J2 is all that is required. In the modem control 
mode, the OPTIMODEMS effectively swap TxD 
and RxD, CTS and RTS, and DTR and DSR. 
(When connecting computers together with a 
cable, these signals must be swapped in the cable. 
The OPTIMODEM will perform this function, so 
the cables should be wired pin to pin.) 
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To connect a terminal to a computer, use the 
boards to emulate a cable. Select the end-to-end 
mode; RS2 is low. The signals, RxD and TxD, 
CTS. and RTS, and DTR and DSR, must be 
swapped at J2. (For example, In the end-to-end 
mode, the signal, DTR, asserted by the computer, 
will come out of the OPTIMODEM at the ter- 
minal end as DSR, hence the need for the swap at 
J2.) 
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CDB8125/6 
Semiconductor Corporation 


T1 Optical Interface Evaluation Kit 


Features General Description 


The CDB8125/6 Evaluation Kit allows fast evaluation of 
Kit includes board and an optical cable | the CS8125 and CS8126 T1 Optical Interface ICs. 


The kit includes a CS8125, CS8126, LED transmitter, 

® Converts between optically-encoded T1 | PIN diode detector, a fiber cable, a CS61544 T1 line 
. . interface unit and an optional CS61600 jitter attenuator. 
signal and industry standard DS-1 With the use of the CS61544, the CDB8125/6 con- 
electrical signal | stitutes a complete 11 wire to fiber interface. 
Alternatively, clock and data can be input to the CS8125 

, ,; and extracted from the CS8126 via BNC connectors. 

Industry Standard ST fiber connectors The CS61600 can be added to the circuit to absorb the 


dropped clock jitter from the CS8126 RCLK output. 


“ 
Purchase of one kit allows Control switches on the CDB8125/6 allow selection of 
uni-directional testing (1 fiber looped loopbacks and all-ones transmission for the CS61544. 


LEDs give the status of the loss-of-signal output pins on 
between CS8125 and CS8126 on same the twisted-pair receiver (CS61544) and optical receiver 






























board) (CS8126). An auto reset and resync circuit may also be 
| activated. 
@ Purchase of two kits allows evaluation The fiber optic cable connectors are a standard ST style 
of bi-directional links (using D) fibers) male version. The board requires a +5V supply. 
ORDERING INFORMATION: 
CDB8125/6 
@ © 
© © © © © 
CS8126 
Receiver 
ees LDN ~—-RCLK TCLK ai 
CTR CiZSiliop pata TDATA v4 
PIN Diode i ees CS61544 RRING 
D T1 Line Trans- | 
| = intert former 
OL per ies RTIP 
ee Twisted 
CS8125 one Pair Cable 
sae | | TRING 
op | Transmitter 
ber former 
LDN ~—«TCLK 
ae | _ WZ Aut TTIP 
CT rR Sllicoe: HDATA we 
LED TCL SYNC and : ee 
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hacked Hr Resin = reas 
00k | CS61600 
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; AUX CLK RESET a2 
Crystal Semiconductor Corporation | JUN ’90 
P.O. Box 17847, Austin, TX 78760 DS33DB1.1 
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The CDB8125/6 _ 


_ The CDB8125/6 is designed to provide the user 


with versatility in evaluating the performance and 
functionality of the CS8125 and CS8126. This 


board can be configured to hook up directly to 


most T1/PCM-30 test equipment through the 
CS61544 interface. Signals input to the CS61544 
receiver are recovered and output to the CS8125 
for transmission onto the fiber cable. When one 
board is used, the fiber should be looped from the 
LED output to the PIN diode input where the 
CS8126 recovers the clock and data. The 


recovered clock and data are passed to the 


CS61544 transmit section where the dropped 
clock jitter is removed and the data is 
retransmitted over wire to the test equipment. 


Alternatively, clock and data can be input to the 


CS8125 and the recovered clock and data output 
of the CS8126 can be observed via the BNC con- 
nectors along the board’s upper edge. A.CS61600 
jitter attenuator may be wired into the circuit to 


remove the dropped clock in the CS8126 RCLK 


signal. 


An auto resyne circuit has been implemented 


which will cause the CS8125 to either momen- 
tarily reset, momentarily transmit the sync pattern 
or both in response to the CS8126 losing sync 
(CS8126 LOS goes high). Alternatively, these 
functions can be controlled manually by pushbut- 
tons SW1 and SW3. Initially, we recommend that 
these functions be controlled manually until the 
user gains some familiarity with the board. See 


the CDB8125/6 schematic and layout section for — 


information on how this circuit works. 


A potentiometer is used to control the output 
power of the CS8125. This pot is set at 10 kQ 
when the board is assembled and tested at Crys- 
tal. This setting provides plenty of output power 
for driving short fiber lengths. For long cables, it 
may be necessary to increase the power output by 
turning the screw clockwise (increasing resis- 
tance). 3 
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Using The CDB8125/6 


Apply +5 V power to the power supply inputs 
and reset the CS61544, the CS8125 and. the 
CS8126 (depress and release SW2, SW3, 
"RESET" and SW4 "44 RESET"). Before apply- 
ing signals, make sure there is no contention of 
the TCLK signals (i.e. do not simultaneously out- 
put TCLK from the CS8125 while inputting it 
from the 8125 "TCLK" BNC or the RCLK output 
of the CS61544). Just in case there is TCLK con- 
tention, resistor R21 should limit the current. 


If there is trouble in looping PCM test equipment 
through the board and fiber, try using the RLOOP 
function of the CS61544. RLOOP internally 
loops recovered clock and data to the transmitter 
where it is retransmitted over the wire. RCLK and 
RDATA are still output and can be observed at the 
CS8125 TCLK and TDATA inputs. The 
recovered signal from the CS8126 can be ob- 
served at both the "8126 RCLK and RDATA" 
BNC’s and CS61544 TCLK and TDATA input 


pins. | 


_ PCM-30 Applications 


While the CDB8125/6 is described as capable of 
operating at either 1.5444 MHz or 2.048 MHz, 
the CS61544 used on the board is offered by 
Crystal as a T1 only part. Using the appropriate 
8.192 MHz crystal allows the CS61544 to operate 
at the PCM-30 rate. The CS61544 does not out- 
put pulses compliant with CCITT standards, 


~ however the pulses selected by LEN2/1/0 = 000 


or 011 should suffice for any test or evaluation of 
board performance (except pulse shape). For 
PCM.-30 applications, Crystal recommends use of 
one of our PCM-30 compatible line interface 
chips with transmit side jitter attenuation such as 
the CS61534, CS61535 or CS61535A. 
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Movable Jumper Positioning 


Jumper J1 selects internally generated or external 
TCLK. If jumper is left open, TCLK must be sup- 
plied from an external source — either the "8125 
TCLK" BNC or the RCLK output of the 61544. 
Installing the J1 jumper causes the CS8125 to 
output TCLK. Make sure there is no TCLK con- 
tention. 


Jumper J3 selects the clock source for ACLK for 
the CS61544. The upper position (towards top of 
board) selects the "44 ACLK" BNC as the ACLK 
source. The lower position ties ACLK to TCLK. 
Note: ACLK is used by the ’44 only for TAOS & 
RAOS. 


Jumper J4 selects manual or auto reset for the 
CS8125. When the jumper is installed in the 
upper position, manual reset is selected: depress- 
ing SW3 resets the CS8125. When the jumper is 
in the lower position, the CS8125 is momentarily 
reset when the CS8126 goes into a Loss of Sync, 
LOS, state. 


Jumper JS selects manual or auto sync pattern 
transmission. When the jumper is in the upper 
position, auto sync is enabled. SYNC, pin 3, is 
held high until the CS8126 leaves the LOS state. 
When the jumper is in the lower position, selec- 
tion of SYNC is manual and is controlled by 
SW. 


Clock/Data Sources 


The clock and data signals for the CS8125 can be 
supplied by the CS61544 or the BNC connectors, 
as selected by the "TDATA & TCLK" switch in 
the board’s center. With the switch in the "BNC" 
position, TCLK and TDATA are input to the 
CS8125 from the "8125 TDATA and TCLK" 
BNC’s and are disconnected from the CS61544 


Switching to the "44" position connects the 
RCLK and RDATA outputs of the CS61544 to the 
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TDATA & TCLK inputs of the CS8125 Gumper 
J1 should be removed, selecting external TCLK). 
The CS8126 RCLK and RDATA outputs are al- 
ways routed to both the "CS8126 RCLK, 
RDATA" BNC’s and the TCLK and TDATA in- 
puts of the CS61544. 


Oscillators and Clocks 


As delivered, the CDB8125/6 comes with a 
12.352 Hz crystal connected to the CS8125 oscil- 
lator. The XTL pin of the CS8125 is pulled up to 
the supply with a 1 MQ resistor. The OSCOUT 
pin of the CS8125 is connected to the XTL pin of 
the CS8126 to provide the CS8126 clock. 


If two crystals are used, one each for the CS8125 
and CS8126, 1 MQ pull-up resistors should be 
used at both R19 and R20. The wire jumper con- 
necting OSCOUT of the CS8125 to XTL of the 
CS8126 should be removed. 


To run the system at 2.048 MHz, an external 
clock source must be supplied. Either input a 
16.384 MHz clock into the "AUX/CLK" BNC or 
use a crystal oscillator in the "OSC 1" socket (just 
below the CS8125). The wire jumper on the 
board’s top near the XTAL pin of the CS8126, 
which connects the OSCOUT pin of the CS8125 
to the XTL pin of the CS8126, must be cut or 
removed. The XTL pin of both the CS8125 and 
CS8126 should be driven directly from the 
16.384 MHz clock source. A wire jumper must be 
installed to connect the trace from the clock 
source to the XTL pins. This clock source must 
swing nearly rail to rail. (Refer to the Digital 
Characteristics - Input Voltage Levels for the 
XTL pin.) The 1 MQ pull-up resistors, R19 and 
R20, should be removed from the circuit. Note 
that if a clock oscillator module is used, its output 
is also present at the "AUX CLK" BNC. 


For operation at PCM-30 data rates, the CS61544 
and CS61600 will require an 8.192 MHz crystal 
such as the CXT8192. For both T1 and PCM-30 
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applications, the CS61544 and CS61600 will 
operate correctly only if the signal frequency is 
within +130ppm (450 ppm for PCM-30) at the 
nominal T1 frequency. Crystals supplied by Crys- 
tal Semiconductor are recommended for both data 
rates. 


Stand Alone CS8126 Jitter Attenuation 


A CS61600 jitter attenuator circuit has been 
placed in the lower right side of the board. This 
circuit can be used to remove the CS8126 RCLK 
jitter which results from the 3B4B decoding 
(every fourth clock is dropped). This circuit is not 
connected to anything except power and ground, 
and has not been tested on the board to ensure 
functionality. The CS8126 RCLK and RDATA 
can be picked up at several places on the board 
and wired over to the CLKIN and DIN pins of the 
CS61600; likewise for CLKOUT and DOUT. The 
crystal used by the CS61544 has been socketed 
and can be removed and inserted in the CS61600 
crystal sockets. Note that neither the CS61544 
nor the CS61600 will function without a crystal. 


CDB8125/6 Schematic 
Reset and Syne 


The schematic for the CDB8125/6 is shown in 
Figure 1. Care was taken to lay out the schematic 
similarly to the board itself to make finding ones 
way around the board simpler. The auto RESET 
and SYNC circuit works in the following manner: 
A Loss of Sync, LOS, causes the LOS pin of the 
CS8126 to go high. When this condition occurs, 
the RESET pin will immediately be pulled low 
for about 5 ms. The SYNC signal will go high 
when LOS goes high, and stay high until about 
30 ms after LOS is deasserted by the near-end 
CS8126. Diode, D9, prevents a -5V excursion 
from occurring at the inverter input when LOS 
goes to ground. . a 
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If only one CDB8125/6 is used, looped back on 
itself, use only the auto sync circuit, with manual 
reset (jumpers J2 and J3 in the upper positions). If 
two CS8125/6 systems are linked, both auto reset 
and auto sync will be useful. If this circuit is ac- 
tive and one of the CS8126’s loses sync, it will 
force a reset on its partner CS8125 which inter- 
rupts its transmission thereby forcing the CS8126 
at the far end to loose sync. The result is that both 
ends will reset and transmit the sync pattern. 


We don’t expect any significant problems with 
the CS8125 or CS8126 regarding their ability to 
acquire and maintain synchronization, however 
use of the CS8125’s SYNC function will ensure 
minimum synchronization time. The RC time 
constants have been selected to allow more than 
ample time for the reset and sync. 


Layout 


There are a few important features to note regard- 
ing board layout. The power supply is heavily 
filtered and routed such that the CS8125, the 
CS8126 and the rest of the board are supplied 
from different supply traces. The different supply 
traces should help in keeping noise coupled into 
the supply as isolated as possible from the dif- 
ferent circuits, particularly the CS8126 which 
must recover signals at very low levels. 


Also note the judicious use of ground plane. Ad- 
ditional ground plane has been used on the 
bottom of the board around the LED (to reduce 
transmitted noise) and the PIN diode (to keep the 
inputs, LDN and LDP, as quiet as possible). Ef- 
fort was also made to minimize the trace lengths 
from the LDN and LDP pins to the LED and PIN 
diode. > 4. | SO 
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Pulse Measurement 





Introduction _ Oo i 

The T1 (1.544 Mbps) transmission system is 
widely used in North American public and private 
telephone networks. An analogous system, PCM- 
30 (2.048 Mbps), is used outside North America. 
Both of these primary rate transmission systems 
must meet exacting pulse shapes as described in 


AT&T CB-119 and CCITT G.703. (There are | 


‘other North American T1 specs which differ 
slightly from CB-119.) Crystal Semiconductor T1 
and PCM-30 line interface devices have pulse 
shaping line drivers whose output pulses are 
designed to meet the pulse-shape requirements of 
the specifications stated above. Measuring these 
pulses to ensure they comply with the specifica- 
tions is not as straightforward as it may seem. 
This paper covers pulse shape measurement tech- 
niques to allow accurate assessment of T1 and 
PCM-30 pulse shapes. 


Pulse Shape Requirements _ 

T1 equipment designed for central office use 
must interface with a DSX-1 cross connect. For 
most applications, the transmitter is located 
within 655 feet of the cross connect. All T1 pul- 
ses arriving at the cross connect must meet the 
pulse amplitude and template requirements at the 


cross connect as shown in Figure 1, whether the 


normalized amplitude 


H : i pace : 
0 250 500 750 1000 


nanoseconds 





1250 


originating transmitter is a few feet away or 655 
feet away. The line is terminated with a 100 Q 
load. The pulse amplitude is measured at the cen- 
ter of the pulse and must be within 20% of 3.0 
volts according to CB-119. (Other specs differ 
slightly; be sure to consult the applicable spec.) If 
the amplitude requirement is met, the pulse may 
be linearly scaled to fit within the template. 


PCM-30 pulse shapes are specified in Rec. 


~G.703. In this case, the pulses are measured at the 


output of the line driver only, and not required to 
meet the pulse template over a variety of cable 
lengths. The pulse must fit the template without 
scaling. 


For 2.048 MHz operation, there are two 
amplitudes specified depending on the type of 
cable used. For 75 @ coax, the pulse height is 
2.37 volts +10%. For 120 2 symmetrical 
(shielded-twisted) pair, the specified pulse 
amplitude is 3.0 volts +10%. The CCITT G.703 
template for 2.048 MHz operation is shown in 
Figure 2. 


CCITT also specifies a template for operation at 
1.544 MHz which is shown in Figure 3. This 
pulse shape is very similar to the pulse shape 


Maximum Curve Minimum Curve 































A (0,0.05) | a (0,-0.5) 
B (250,0.05) | b (350, -0.5) 
C (325,0.80) | c (350, 0.50) 
D (325,1.15) | d (400, 0.95) 
E (425,1.15) | e (500, 0.95) 
F (500,1.05) | f (600, 0.90) 
G (675,1.05) | g (650, 0.50) 
H (725, -0.07) | h (650, -0.45) 
| (1100,0.05) | i (800, -0.45) 
J (1250,0.05) | j (925, -0.20) 
k (1100, -0.05) 
| 


(1250, -0.05) 


_ Figure 1. AT&T CB119 T1 pulse template 
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perce of shown in Figure 1. As in Tl applications, the 
ae 5a pulse is required to meet the template at the digi- 
is —__ tal distribution frame. In this case however, the 

Oe 
pulse must meet the mask without scaling. The 
eae” htalibaies 244 ns peak undershoot is specified not to exceed 40% 

40408 of the peak pulse amplitude. 
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7 The remainder of this paper discusses procedures 
| which should be used to accurately measure pulse 
| shapes. There is also a section on measuring pulse 

| samen? r imbalance and power transmitted levels. 


Reflections 
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hiania When transmitting a high frequency pulse down a 





N i | P | s s . . a 
gotta i oma’ ews transmission line, a portion of the pulse will 
ee 7 een eer ne, LRN veneTOn reflect wherever it encounters an impedance mis- 
Be ELL 7c, S/n ; 4 match. The amount of reflection is proportional to 
; We ; 
; __219ns__ ; the impedance mismatch; the greater the mis- 





match, the greater the reflection of the pulse. 
Even hooking two pieces of wire with different 
Figure 2. CCITT Rec. G.703 pulse template for characteristic impedances together will cause 


i aa reflections. In order to avoid reflections in a 
transmission line, impedance mismatches should 
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Figure 3 - CCITT Rec. G.703 pulse shape for 1.544 MHz operaton. 
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Figure 4 - The smaller pulse’s amplitude was reduced by 
combination with a reflection from a previously transmitted 
- pulse in a repeating 1 out of 2 pattern. The larger pulse is 
from a 1 out of 16 pattern. 


be avoided, and the line should be terminated 
with a load that is equal to the characteristic im- 
pedance of the line. Proper terminations are every 
bit as important when measuring pulses in the lab 
as they are in connecting up the network. 


Remember that the load specified for T1 pulse 
shape measurement is 100 2. A commonly used 
cable in Tl applications is Western Electric 
ABAM cable which has a characteristic im- 
pedance in the neighborhood of 110Q. This 
means that even an otherwise optimal test setup 
will have a reflection at the load. When this 


reflection returns to the source, it is likely to ex- 


perience an even greater impedance mismatch at 
the driver outputs and therefore have a relatively 
large reflection component at the source. | 


One way to reduce reflections at the load is to ter- 


minate the desired length of cable with a 
comparatively long piece of the same type of 
cable which is then terminated with the load 
resistor. Such a setup begins to approximate an 


_. infinite amount of cable which should provide an 


optimal impedance. match for the test length. In 
addition, any reflection from the load resistor will 
be attenuated by the resistive loss of the cable and 
should be insignificant by the time it returns to 


the measurement point. However, for Central Of- 


fice equipment, the standard test method is as 
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follows: the cable will be disconnected at the 
DSX-1, terminated with a 100Q load resistor, 
and measured for compliance with the template. 
This approach should be used in your lab as well. 


Reflections in a lab setup can. be minimized by 
eliminating impedance mismatches wherever pos- 
sible. The best way to eliminate mismatches is to 
use the same type of test cable everywhere; that 
is, from the output of the driver to the input to the 
oscilloscope. Impedance mismatches due to coax 
test cables, probes, test leads, or any other leads 


connected to the line will cause reflections. 


Data Pattern 


The first step in measuring pulse shapes is to 
notice that the T1 specifications call for an iso- 
lated pulse. Unless the pulse is sufficiently 
isolated, reflections on the line can badly corrupt 
the measured pulse shape. However transmitting 
a repeating pattern is necessary to trigger the os- 
cilloscope. A repeating one out of 16 pattern 
(repeating a 1000 0000 0000 0000 AMI data pat- 
tern) is recommended to isolate the pulses to 
allow reflections to die. 


Why is the isolated pulse important? Let’s assume 
that a portion of the pulses will be reflected at 
both ends of the line. As a pulse travels down the 


AN7REV2 





1.00 V/div 0.00 


SO ft 





Chan 1-2 


CS61534 


line at about 0.66 ft/ns, it will reflect from the ter- 
mination, reflect from the source, and return to 
the termination of a 425 ft cable about 1932 ns 
after it was transmitted, just in time to combine 
with a pulse transmitted 1296 ns later when it ar- 
rives at the load. Depending on the sign of the 
reflections, this reflected pulse can be either 
added to or subtracted from the pulse arriving two 
bit periods later. This is the situation one would 
observe when transmitting a one out of two pat- 
tern as shown in Figure 4. A one out of 16 pattern 
allows: plenty of time between each pulse for 
reflections to die out of a properly terminated 
line, allowing accurate measurement of the trans- 
mitted pulse. 


CCITT specifications for 1.544 MHz operation 
are very similar to North American T1 specifica- 
tions in that an isolated pulse is specified and 
pulses are measured at the distribution frame. 
There are two significant differences for 2.048 
MHz operation. First, G.703 specifies that all pul- 
ses must meet the template, not just an isolated 
pulse, implying that any data pattern is accept- 
able. Thankfully, the second difference is that 
pulses are measured at. transmitter output rather 
than after some length of cable, so reflection in- 
teraction due to different cable lengths is not a 
consideration. 


75:ft 
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~~ Figure 5 - Four pulse plots are superimposed here toshow ~ 

pulse distortion which is caused by self reflection for cable 
lenghts of less than 100 feet. Note how the reflection 

component moves along the pulse as the cable gets longer 


150ns/div 
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Self Reflections 


When making pulse shape measurements on short 
line lengths (generally less than 100 feet), pulses 
can reflect upon themselves, distorting the pulse 
shapes of isolated pulses as shown in Figure 5. 
Nonisolated pulses will likely suffer even greater 
distortion. Self reflection is unavoidable as long 
as impedance mismatches exist. Proper termina- 
tion is crucial when measuring pulse shapes for 
CCITT G.703 compliance at 2.048 MHz. 


Equipment 


It is important to understand and identify the 
sources of error in measurement equipment and 
choose equipment to minimize any error sources. 
Since pulses are transformer-coupled to the line, 
they are differential in nature, so pulse shape 
measurement should be made in a truly differen- 
tial manner. Grounding one wire for single ended 
measurement can introduce uncertainties due to 
transformer nonidealities, and cable characteris- 
tics such as distributed capacitance to a ground, 
which may be different from the oscilloscope 
ground. Consider that in making a single ended 
measurement, one wire is referenced to ground 
while the other wire is unbalanced. 
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The exception is transmission over 75Q coaxial 
cable at 2.048 MHz. CCITT G.703 states that the 
outer conductor shall be connected to ground at 
the output port. Accordingly, measurements of 
pulse shape should be made with the outer con- 
ductor grounded at the oscilloscope input. A 
single oscilloscope channel is sufficient. _ 


Probes and oscilloscope amplifiers with good 
balance and high CMRR should be used. Probes, 
if used, should have low capacitance.so pulse dis- 
tortion is minimized. Unmatched 10X probes 
may cause significant measurement error due to 
relative inaccuracies in the 10X attenuation and 
poor CMRR. Also, the CMRR between two chan- 
nels of an oscilloscope is rarely specified and is 
generally very low. 


Eliminating the probes altogether is generally 
preferable. In this case, the same type of cable 
should be used from the output of the line driver 
to the input of the oscilloscope. Ideally the load 
for the cable should be placed at the inputs to the 
oscilloscope. Some oscilloscopes can be set for 
internal 50 Q termination at the inputs. Alterna- 
tively, a 50 Q termination can be connected to 
both oscilloscope inputs. Providing 50 Q termina- 
tion from each wire to ground is analogous to 
connecting 100 Q across the two wires, but has 
the distinct advantage of providing both oscillo- 
scope inputs with signals referenced to the same 
point rather than having the inputs floating with 
respect to one another. The 50 Q resistors should 
be equal in resistance. Fifty ohm terminating 
plugs work well and are readily available. 


For compliance with CCITT G.703, use 60Q ter- 
minations from both channels to ground when 
evaluating equipment designed for 120Q shielded 
twisted pair, and a 75Q termination resistor from 
oscilloscope input to oscilloscope ground for 
equipment using 75Q coax. With a little imagina- 
tion, these terminations can be easily created and 
attached to the oscilloscope inputs. — 
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Some specifications such as AT&T Publication 
43801 call for a 100 Q resistor connected across 
TIP and RING. If this setup must be rigidly fol- 
lowed, use either matched differential probes, or 


the shortest leads possible between the load and 


the oscilloscope. It may be necessary to use two 
50 Q resistors in series so the oscilloscope can be 
grounded to a reference point relative to the line 
so it can trigger. (This is the same as 50 © ter- 
minators.) These resistors must be accurately 
matched. _ 


Digital oscilloscopes offer some features such as 


plotting, amplitude scaling and time and 
amplitude measurement which makes their use 
desirable when evaluating pulse shapes. 
However, be advised that digital oscilloscopes 


have inherent inaccuracies in the analog to digital 


conversion and in the sampling process. Most 
high frequency digital oscilloscopes use either 6- 
bit or 8-bit A-to-D converters. A six-bit ADC 
divides a full scale input into only 64 parts, so the 
quantization error is significant. Any gain error or 
offset error in the converter, in either channel or 
between the two channels, will result in 
amplitude error and distortion of the actual pulse 
shape. Calibration of a digital oscilloscope is es- 
sential to making accurate measurements. Any 
noise present on the signal or within the converter 
during the conversion process will result in an 
error in the conversion. Averaging a fairly large 
number of samples will help reduce uncertainties 
caused by noise (quantization or external). Such 
averaging cannot. compensate for ADC non- 
linearity errors however. > 


Sampling uncertainty of digital oscilloscopes 
must also be considered. If the oscilloscope is 
sampling at 150 MHz, the sample period is | 
6.7 ns. For pulse width measurements, the worst 
case time quantization error is 13.4 ns which can 
be significant when measuring 244 ns or 324 ns 
wide pulses. Once again, averaging several 
samples effectively eliminates any error due to 
sampling uncertainty. | | 
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Digital oscilloscopes are very useful in evaluating 
pulse shapes. However, the averaging process 
will tend to mask pulse-to-pulse variations that 
are undesirable. It is advisable to check the results 
on an analog oscilloscope which is in calibration. 


A oscilloscope with a delayed triggering feature is 
essential. Delayed triggering allows precise 
positioning of the isolated pulse on the screen, 
and also allows the user to amplify and observe a 
small portion of the pulse which may require 
greater scrutiny. Delayed triggering also allows 
for fairly easy comparison of positive and nega- 
tive pulses for verifying that pulse imbalance 
requirements are met. 


No matter which instruments you have available, 
a proper test setup is essential. Three good 
measurement techniques are as follows: 


1) An active differential probe such as the 
Tektronix P6046 allows differential signal 


processing at the probe tip with very high CMRR. — 
Only a single channel on the oscilloscope is re- 


quired thus removing CMRR considerations at 
that point. This probe offers distinct advantage 
when using a digital oscilloscope in that the addi- 


tion of the quantization errors of the two channels © 
is avoided. For both analog and digital oscillo- 


scopes channel-to-channel inaccuracy and 
imbalance are no longer an issue and CMRR is 
much better. 


2) Use a true differential amplifier with good 


common mode rejection such as the Tektronix 


7A13. Run the test wire all the way to the diff 
amp’s input (avoid using test leads for intercon- 
nection) and terminate the line at the inputs with 
50Q (60Q for CCITT 120Q shielded twisted 
pair). The only probes that should be considered 
for use in such measurements are matched probes 
with high CMRR like the Tektronics P6055. 
When using probes, make sure they are 
calibrated. 
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3) As previously discussed, using a standard two 
channel oscilloscope has some disadvantages, but 
may be the only method available for pulse shape 
measurement. Once again, it is best to run the test 
wire all the way to the oscilloscope inputs and 
terminate the line at the oscilloscope inputs. (If 
probes. are necessary, use matched and calibrated 
probes.) TIP should be connected to one channel 
and RING to the other channel. Invert channel 2 
and add it to channel 1. Always set the oscillo- 
scope inputs for DC coupling to keep the internal 
oscilloscope capacitors out of the circuit. The 
amplifiers should always be in the calibrated con- 
figuration. 


The following figures illustrate pulse measure- 
ment techniques and show an example of the 
error that can be caused by poor techniques. 
Figures 6 and 7 show some DOs and DON’Ts for 
measuring pulse shapes. Figure 8 shows the ef- 
fects of terminating the line with a floating 100 Q 
resistor and measuring the signal across the resis- 
tor with unmatched probes. 


Pulse Shape Evaluation 


; The pulse displayed on the oscilloscope must be 
checked for amplitude and conformance to the 


pulse template. The pulse amplitude is measured 
at midpulse. The method for checking for com- 
formance with the template depends on the 
specification. For CCITT specifications, the pulse 
must fit the template with no scaling allowed. For 
CB-119, the pulse can be scaled by.a linear factor 


to fit within the template. Figure 9 shows a pulse 


which has been aligned, scaled and plotted from a 
digital oscilloscope onto a template. 


When evaluating pulse amplitude and template 
conformance, be sure to test over the line driver’s 
specified operating voltage and temperature ran- 
ges. For amplitude measurements, setting the 
oscilloscope for 0.5 V/div is best, while 1.0 V/div 
is convenient for template matching. 
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_ What’ Ss Wrong With This Picture? 


Test. Leads _ . Probe Leads | 
(Unknown Impedance) (Unknown peer) 


oa a OSCILLOSCOPE 
_ Data Pattern: 
10101010... 


Ground Clips 


@ Numerous impedance mismatches - reflections galore 
' ® Data pattern does not provide an isolated pulse. 


@ Floating termination - no ground reference for measurement 
(but required by 43801) 


® Undetermined tail on cable - improper termination 


| @ Are probes precisely 10:17 





_ Have they been calibrated correctly? 


_ Figure 6 - How NOT to measure pulses. 


PULSE MEASUREMENT USING TWO CHANNEL OSCILLOSCOPE 


@ Avoid reflections due to impedance mismatches 


- Despite taking precautions, neither end of the cable 
will be ideally terminated so watch for reflections from 
~ previous or current pulse _ 


- Use the same type of cable where ever possible ~ 






| pies Pair Cable OSCILLOSCOPE 


an Pattern —_— Pair » 
...0001000... ~ PDOCS 
Isolated Pulse |: = Cable Test Box. 


Pulse Shaping Used to select specific 
Line Driver _ - lengths of cable 


® Oscilloscope should be DC coupled 


® High-resolution, digital oscilloscopes are nice because pulses 
can be precisely scaled and plotted making evaluation easier 


e Test cable terminated at oscilloscope input 


Figure 7 - Recommended pulse shape measurement test configuration and guidelines. 
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CS61534 
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cable 


Creation of the pulse template against which the 
displayed pulse is to be evaluated is worthy of 
consideration. It is important that the template 
have the correct proportions so that the pulse may 
be accurately evaluated. In some cases, the 
template must be created to an absolute scale so it 
can overlay the pulse or have the pulse plotted 
over it. Reproduction of the pulse template is 
very tricky since copiers tend to distort the 
original. A first generation photocopy can have 
enough distortion to render the copied template 
useless. Only through painstaking effort can a 
useful copy be produced (and if this method is 
used, make an abundant number of copies once 
the copied template is accurate). 


0.95 Vidiv 0.00 
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_Figure 8 - Mistermination and gain error can have significant .. 
effect on pulse amplitude. The larger pulse results from the 

_ use of probes which are not well matched, otherwise the test _ 

setup for both pulses shown is identical. 


150ns/div 


Figure 9 - Plot of a properly terminated, isolated pulse from. 

- a CS61574. Note that the amplitude scaling feature of the -- 
digital ’scope was used to boost the pulse amplitude an 

; : center the pulse in the temp 


Pulse Measurement 


To evaluate a pulse displayed on the 
oscilloscope’s CRT, create a template which is 
scaled to the oscilloscope grid on a transparency, 
align the template to the grid and afix the 
template to the CRT. Center the pulse in the 
template. Scaling the pulse by adjusting the 
amplifier gain is only possible when using a 
single channel oscilloscope, a differential 
amplifier, or a digital oscilloscope. When using a 
two channel oscilloscope, method three, do not 
use the amplifier’s gain adjustment (uncalibrated) 
to adjust the pulse amplitude to match the 
template. Adjusting one channel only results in a 
nonlinear change in the pulse. Additional 
templates scaled to larger and smaller amplitudes 
are required. 
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Once everything is satisfactorily aligned, take a 


picture. It is much easier to describe, complain 


about or compare pulse shapes on hard copies. A 
hard copy also provides a permanent record for 
future reference. | | 


Most digital oscilloscopes have the capability to 
transfer the image displayed on their screen to a 
plotter. There are three basic methods of plotting 
available. The most sophisticated method allows 
entry of the template parameters to the system so 
the template is plotted to the appropriate scale 
along with the pulse. i: 


A second method offered by some systems, al- 
lows the operator to align the oscilloscopes plot 
dimensions to an independently created grid. This 
method allows the user to create the template to a 
convenient scale. Using the plotter, the corner 
points of the oscilloscope’s grid are physically 
aligned with the corner. points of the grid on the 
plotter paper. The plotter then scales the plot of 
the oscilloscope’s grid to fit the grid on to plotter 
paper. This technique is especially good when 
using photo copies of an original grid and 
template. Since the plot is scaled to fit, copier dis- 
tortion is irrelevant. | 


The third method involves generating a template 
for a plotter without a scaling feature. The 
template must be created to exactly the same size 
as the plotter’s rendition of the oscilloscope grid, 
and positioned on the plotter paper at precisely 
the point at which the oscilloscope’s display is 
plotted. The biggest problem here is creating a 
sufficiently large number of blank templates 
which are the right size and in the right place so 
they will line up with the plot. The alternative is 
to generate a single template on a transparency to 
overlay the plots, but this approach makes it dif- 
ficult to evaluate a large number of plots. 


An especially nice feature of digital oscilloscopes 
is the gain scaling which allows the user to linear- 


ly scale the pulse either up or down to fit a fixed 


template. For instance, if the pulse is a little short, 
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the gain may be set for 0.95 V/div, thereby 
- making the pulse a little taller. The horizontal and 
vertical settings are usually plotted along with the 
trace, so these settings are recorded as well. Take 
care to maintain the time scale to a fixed value 
which corresponds with the template. Pulse width 
scaling is not allowed. | 


A note about the CB-119 pulse template: the min- 
imum pulse width allowed is 300 ns, the 
maximum is 400 ns. If the pulse width is based 
on a 50% duty cycle of a 1.544 MHz clock, the 
pulse width will be 324 ns. This allows only 
12 ns of margin to either side of the template’s 
minimum curve. When compared to the template, 
the pulse will look narrow, but it is really all 
right. (Presumably, the minimum allowable pulse 
width is kept wide to help maximize receiver jit- 
ter tolerance.) The opposite situation exists for 
CCITT G.703 pulse width specifications which 
range from 194 ns to 269 ns. A 50% duty cycle 
pulse, 244 ns, is a little on the wide side. 


Positive/Negative Imbalance and Power Levels 


Pulse imbalance and signal power level measure- 
ment are both intended to ensure that there is no 
significant DC offset at the termination of the 
line. Since positive to negative pulse imbalance 
can result in more power at 1.544 MHz relative to 
the power at 772 kHz of an all ones signal, meet- 
ing the power level specifications also means 
pulse imbalance is satisfied. 


An oscilloscope can be used for checking pulse 
imbalance between the positive and negative pul- 
ses. CB-119 calls for less than 0.5 dB difference 
between the power of positive and negative pul- 
ses. Power is roughly the product of the square of 
the pulse height and pulse width, so both must be 
investigated. There should be less than 200 mV 
difference in amplitude of otherwise identical 
positive and negative pulses. Variation in the 
widths of positive and negative pulses of only a 
fey’ nanoseconds will also result in some pulse 
im:. ance. One good method for comparing posi- 
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tive and negative pulses is through the use of a 
digital oscilloscope which is capable of integrat- 
ing the area of a pulse; this makes for 
straightforward comparison of the positive and 
negative pulses. 


Measurement of power levels in an all ones pat- 
tern is best accomplished with a specialized 
instrument such as the Hewlett Packard 3586B 
(HP 3586A for CCITT). This instrument can 
measure the power in a 2 kHz band at both 
772 kHz and 1.544 MHz as required by CB-119. 
The power in the 2 kHz band at 772 kHz must be 
between 12.4 dBm and 18.0 dBm, and at least 
29 dBm greater than the power in a 2 kHz band at 
1.544 MHz . CCITT 1.544MHz specs require the 
power in a 3 kHz band at 772 kHz be between 
12.0 dBm and 19.0 dBm and at least 25 dBm 
greater than the power in a 3 kHz band at 
1.544 MHz. CCITT PCM-30 specs allow +5% 
variation in the heights and widths of positive and 
negative pulses. When using this instrument, take 
care to terminate the line driver properly. The 
input impedance of the HP 3586 is selectable but 
100 Q input impedance is not offered. A 
HP 15508B converter will provide a 110 Q 
balanced termination for the line and 75 Q un- 
balanced impedance for the input of the 
instrument. 


Alternatively, power levels can be measured 
using a spectrum analyzer. An estimation of the 
power at 772 kHz can be made by selection of the 
appropriate resolution bandwidth of the spectrum 
analyzer. As long as the power at 772 kHz meets 
the specification with reasonable guardband, and 
the difference in amplitudes of the power at 
772 kHz and 1.544 MHz is several dB in excess 
of the spec, precision measurements are probably 
unnecessary. 
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62411 Test Methods 


Application Note 


Jitter Testing Procedures 


for Compliance with AT&T 62411 


By Roger Taylor and Bob Bridge 


Introduction: This application note gives 
guidelines for measuring whether a design is 
compliant with AT&T 62411 jitter tolerance and 
attenuation requirements. 62411 compliance is a 
necessary requirement for CPE (Customer 
Premises Equipment) which is connected to Tl 
lines provided by AT&T. These T1 lines may be 
either private-line or central-office access lines. 
62411 may not apply to equipment sold to tele- 
phone companies, equipment used within a cam- 
pus environment or equipment used to access an 
alternative long-distance carrier (e.g., MCI, US 
Sprint, etc.). 


Jitter testing can be performed using the follow- 
ing test equipment: 


1) Jitter Generator/Receiver: e.g., Hewlett 
Packard 3785B | 

2) "279.1 QRTS (Quasi-Random Test Se- 
quence) with 1-in-15" Pattern Generator and 
Receiver 

3) Spectrum Analyzer 


Similar equipment is available from a number of 
vendors including: Tekelec, Tektronix, HP, 
Telecommunications Techniques Corp, Navtel, 
Network Communications Corp, Phoenix 
Microsystems and Atlantic Research. For per- 
forming jitter tolerance tests, it is very useful to 
have the capability to create user generated pat- 
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terns, in addition to the standard patterns, as will 
be explained later in this document. 


Some of these units are integrated pattern gener- 
ator/receivers and jitter generator/receivers. 
However, the HP 3875B is the most powerful and 
most flexible jitter test set available, in part be- 
cause it uses analog quer Brneienou and 
demodulation. 


Jitter Tolerance Measurements: The basic test 
setup is shown in Figure 1. A jittered clock is 
created by the HP 3785 and then used to clock the 
Pattern Generator. The Pattern Generator con- 
nects to the T1 trunk card using a twisted pair 
cable. The signal is routed through the T1 trunk 
card and synchronizer and back through the trunk 
card to the Pattern Receiver. The Pattern Receiver 
is then used to measure bit errors. The jitter 
tolerance of a receiver will vary with the width of 
the AMI pulses. It is very important that the pat- 
tern generators used have consistent pulse widths. 
(The pulses should meet DSX-1 type puss: re- 

quirements as identified in CB-119.) | 


The jitter frequencies typically heed are: 3, 10, 
30, 100, 1k, 2k, 4k, 8k, 16k, 32k, 64k and 100k 
Hertz. The normal procedure is to select a jitter 
frequency, and then increase (or decrease) the jit- 
ter amplitude until you observe the boundary be- 
tween no-bit-errors and bit-errors. 
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Notes: 

1) Jittered Clock is generated by HP 3785 

2) QRTS generated by pattern generator 
__3) System placed in remote loopback 

4) Pattern receiver checks for bit errors 
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Alternative test configuration for 
measuring jitter tolerance of 
system which may exceed the 
jitter tolerance of the AMI pattern 
receiver. 






Figure 1 - Test Setup for Jitter Tolerance Measurements 


It is important to determine how much the system 
exceeds the minimum 62411 jitter tolerance re- 
quirements since the later attenuation tests are 
made with three-quarters of the observed 
tolerance of the system. Larger tolerance levels 
have the benefit of raising the floor on the accept- 
able output jitter level during the attenuation 
tests. 


AT&T 62411 testing calls for measuring jitter 
tolerance using a QRTS data pattern, which is 
representative of live traffic on the network. But 
the key to guaranteeing jitter tolerance is to test 
receiver performance using a data pattern which 


is representative of the worst case conditions © 


within the QRTS pattern. The most stressful jitter 
case for a receiver occurs when the maximum 
_ deviation from the ideal arrival time occurs be- 
tween two ones which are separated by a string of 
zeros. For example, two ones separated by seven 
zeros can have maximum deviation from ideal ar- 
rival time at a jitter frequency of 96,500Hz. 
(Maximum phase deviation occurs in 1/2 of a jit- 
ter period; eight bit periods take 5181.4ns.) Still, 
this maximum jitter hit is dependant on the 
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relationship of the phase of the jitter with respect 
to the occurence of the string of zeros. — 


To truely measure jitter tolerance, one must 
guarantee that the maximum phase deviation be- 
tween two consecutive ones separated by zeros 
will occur (assuming that the maximum allowable 
consecutive zeros is not exceeded). When using a 
quasi-random data pattern, it 1s unlikely that the 
jittered clock and the zero string in the data pat- 
tern will align to produce a maximum phase hit 
between successive ones unless the condition is 
tested for a long time. To guarantee 0.4 UI of jit- 
ter tolerance at jitter frequencies above 50 kHz, it 
is best to use a short pattern with repeating strings 
of 7 to 14 zeros to significantly increase the 
likelihood of a maximum jitter hit. Tests at Crys- 
tal Semiconductor have shown that repeating a 
data pattern similiar to: 


AA AA AA AA 33 33 33 33 33 33 33 03 00 03 
00 03 hex | | 


gives good correlation to the QRTS pattern. This 
pattern is considerably shorter than QRTS (which 
is 279 - 1 bits long) so the strings of fourteen 
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zeros occur often enough for a robust test of jitter 
tolerance at 51.4 kHz (the worst case jitter fre- 
quency for ones separated by 14 zeros). In addi- 
tion, this pattern has sections of 50% ones, to 
avoid placing undue strain on the clock recovery 
circuit. This pattern can be modified or extended 
for testing different zero strings at different fre- 
quencies. 


The maximum jitter frequency at which the HP 
3785B operates is 77kHz, however 62411 
specifies jitter performance to 100kHz. Generally, 
the jitter tolerance performance of a receiver will 
have flattened out by 77kHz, so one can assume 
that if the jitter tolerance curve has flattened out, 
and if it passes a difficult data pattern such as 2 in 
16 at 77kHz, that it will also pass at 100kHz. 
Hewlett Packard does make a CCITT version of 
the 3785B - the 3785A which can produce jitter 
to beyond 100kHz and is available with a T1 op- 


tion. 
Spectrum Analyzer 
Input 


Demod Jitter (on back panel) 


HP 3785 Jitter Generator & 
Receiver 







Data In 


aera | 


System Under Test 


A word of caution: not all pattern generators have 
as much jitter tolerance as they can produce. A 
pattern generator’s receiver which is looking for 
bit errors in a retransmitted (looped back) signal 
which has not been jitter attenuated may itself 
make errors in data recovery leading the tester to 
falsely believe that the equipment being tested is 
making errors. Many pattern generators have a 
provision for accepting recovered clock and NRZ 
data. A test configuration such as shown on the 
right hand side of Figure 1 is highly recom- 
mended for measuring jitter tolerance of equip- 
ment which does not provide jitter attenuation. 


Output Jitter Measurements: The basic test 
setup is shown in Figure 2. The measurement 
looks at jitter in specific frequency bands: 


1) broadband; 0.05 UI, 

2) using 10 Hz to 40 kHz filter; 0.025 UI, 

3) using 8 kHz to 40 kHz filter; 0.025 UI, and 
4) using 10 Hz to 8 kHz filter; 0.020 UI. 


Pattern Generator 


and Receiver 


Data Out 





2 Notes: 

1) Jitter-free QRTS is generated 
by pattern generator 

2) System is placed in remote 
loopback | 

3) HP 3785 demodulates jitter 
and provides some filters 

4) Spectrum analyzer may be used 
to obtain jitter spectrum — | 





Note: Measurement is much more accurate if All Ones are transmitted to the HP 3785 using the recovered clock. 


Figure 2 - Test Setup for Output (Added) Jitter Measurements | 
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The first three of the frequency bands are selected 


using the filters available on the front panel of the. 


HP 3785B. The output jitter levels are measured 
using the Received Jitter meter on the HP 3785B. 
For these measurements, the HP 3785B should be 
set to its "1" range which is its most sensitive 
scale. It is important to note that the HP 3785B’s 
published accuracy is +4% + (<0.035 UI) for 
input data patterns, and +4% + (<0.025 UI) for 
input clocks. | | : 


Because the published accuracy of the instrument 
is not sufficient to measure to the small jitter 
levels required, it is advisable to do some sanity 
checks. Have the jitter receiver measure the jitter 
from the jitter free pattern generator. This will 
provide a "feel" for the HP 3785’s measurement 
floor. It may be appropriate to subtract this result 
from subsequent measurements. 


Furthermore, using an all ones data pattern will 
improve the instruments accuracy slightly (ap- 
proaching that for input clocks). If the system 
under test has a transmit all ones capability, select 
this function for testing transmitted jitter. The 
transmit clock used in this case should be same as 
for normal operation or remote loopback. 


Observing the DEMOD JITTER output (available 
from the back of the HP 3785) on a spectrum 


analyzer may also prove enlightening. While the — 


sum of the jitter over a frequency band is not 
readily available, one can observe the jitter 
spectrum of the demodulated signal, look for jit- 
ter spikes rising out of the noise floor, and most 
importantly, compare the spectrum of the jitter 
free pattern’s source to the transmitter’s output, 
watching for artifacts that may be present in the 
source or created by the HP 3785 itself. 


The HP 3785 does not have internal filters for 
measuring jitter from 10 Hz to 8 kHz, so measur- 
ing jitter in this band requires additional work. 
Obviously, if the jitter from 10 Hz to 40 kHz is 
less than 0.020 UI, so is the jitter from 10 Hz to 8 
kHz. Jitter in the 10 Hz to 8 kHz band can be 


determine the jitter attenuation. 


mathematically approximated by measuring the 

jitter in the band from 10 Hz to 40 kHz and jitter 

and the band from 8 kHz to 40 kHz by using the. 

following formula: = | 
baVct- a” 

where b=jitter from 10 Hz to 8 kHz 


c = jitter from 10 Hz to 40 kHz 
a = jitter from 8 kHz to 40 kHz. | 


(Jitter in different bands will add as the sum of 
the squares.) 4 “ 


The most rigorous method is to build a band-pass 
filter which rolls off at 6dB / octave below 10 Hz 
and above 8 kHz. This filter is placed between the 
Demodulated Jitter Output and Measurement 
Input (both on the rear panel) of the HP 3785. 


Jitter Transfer Function Measurements: The 
basic test setup is shown in Figure 3. The HP 
3785 generates jitter at selected frequencies (the 
same frequencies at which jitter tolerance was 
measured, up to 32 kHz). The jitter amplitude that 
is input to the system should be one-half of the 
system’s jitter tolerance. 


Jitter attenuation is determined by comparing the 
amount of jitter in the signal output from the pat- 
tern generator (configuration "a") to the amount 
of jitter contained in the looped-back signal from 
the system under test (configuration "b"). The 
amount of jitter output from the jitter generator at 
each frequency should be 3/4 the receiver’s jitter 
tolerance at that frequency. The range scale used 
on the HP 3785 jitter receiver should be the same 
for both measurements. 


When the input jitter is large (> 1 UI) and the 
Output jitter from the system under test is greater 
than about 0.1 UI, the value shown on the 
Received Jitter display is sufficiently accurate. 
When the received jitter gets small (< 0.1 UD), it 
becomes necessary to use a spectrum analyzer to 
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Spectrum Analyzer 
Input 













Demod Jitter (on back panel) 


HP 3785 Jitter Generator & 


Receiver 
Data In Clock Out 












Clock In 
Pattern Generator 









Data Out 






Notes: 
nee aes 1) HP3785 creates jittered clock 
p 2) Jittered QRTS generated by 
T1 Transmitter T1 Receiver pattern generator 
3a)Pattern generator output connected 
to HP 3785 input 
3b) Pattern generator output connected | 
to T1 receiver. System placed in 
remote loopback. System’s transmitter. 
output connected to HP 3785 input 
4) HP3785 demodulates jitter, 
5) Spectrum analyzer used to — 
measure jitter amplitude (dBm) 






T1 Trunk Card 


pees 


System Under Test 





Figure 3 - Measuring Input and Output Jitter Amplitudes | 


GRE < 125232 000. 00Hz 
AC#>ISCR)D ~76.380Bea 10cB/ -35. 0008 


CF 1:32 000.00Hz. SPAN: 1 00. Q@Hz 
OUT <(&>: 0. O@dBm 1S. Asec 
[RG: @dBea RBUI3CHz UBW: 30Hz 


Figure 4 - Spectrum analyzer photograph showing 68.7dB of jitter attenuation at 32kHz. 
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A spectrum analyzer must be used for two 
reasons. First, the accuracy of the jitter receiver is 
only + 4% + (< 0.035 UI); second, the value dis- 
played by the jitter receiver is representative of 
the jitter over the selected bandwidth, not the jit- 
ter at the frequency being tested. Figure 4 shows 
a spectrum analysis display representing jitter at- 
tenuation. The upper curve shows the demodu- 
lated jitter present in the AMI data pattern output 
from the pattern generator. The lower curve 
shows the demodulated jitter present in the signal 
from the system under test. The attenuation is the 
difference in the amplitude of the two curves at 
the frequency of interest (shown at the top/center 
of the display). 


It is wise to observe the output clock of the jitter 
attenuator in the time domain using an oscillo- 
scope. This can be done by triggering the oscillo- 
scope with the jitter free clock source, and ob- 
serving edges of the jitter attenuated clock in the 
Ins to 5ns time domain. Observations on a 
spectrum analyzer focus only on a narrow 
bandwidth. Anomalies created by the jitter at- 
tenuator that may appear at other frequencies 
would go unnoticed on the spectrum analyzer but 


the oscilloscope might indicate that more jitter is _ 


present. For example if input jitter of 0.3 UI is at- 


tenuated by 60dB, the output jitter should be — 
0.003 UI, which corresponds to about 2ns of time 
domain jitter. If the oscilloscope indicates some- 


thing different, further investigation is warranted. 


Additional Considerations: When testing for 


compliance to 62411 it is often a good idea to ex- 
pand the scope of some. of the tests slightly to 


look for anomalous behavior of the system under 7 
test, and evaluate the robustness of the system’s — 


design. Here are some suggestions: Evaluate the 
system’s performance as power supply and 
temperature are varied. ICs using external com- 
ponents (inductors, capacitors, and quartz crys- 


tals) may be particularly susceptable to tempera- 


ture or supply variations. | 
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It is prudent to check performance over the T1 
frequency range allowed by the system. AT&T 
62411 specifies a frequency tolerance of +75Hz 
(+50 ppm). Some circuits will have sensitivity to 
frequency, and that sensitivity might be amplified 
by variations in temperature or supply. Verify 
that the frequency tolerance of the receiver ex- 
ceeds +50 ppm, and check for anomalous be- 
havior of the jitter attenuator as the T1 frequency 
is varied. 


Testing for frequency dependance generally re- 
quires a frequency source which can be set to 
within a few Hertz of a desired frequency. The 
HP 3780A Pattern Generator / Error Detector has 
an option which allows the user to adjust the out- 
put clock frequency with great accuracy to fre- 
quencies within 50ppm of 1.544MHz. This clock 
can be used to externally clock a jitter generator, 
another pattern generator, or to simply vary the 
frequency at which the HP 3780A outputs a data 
pattern. 


Verify that the receiver will readily acquire lock 


on to a data stream which is presented while the 
receiver is in a "loss of signal" state. This test will 


show how well the receiver locks on to a T1 sig- 
nal when it is first input, or recovers from 


momentary interruption in the signal. Also see if 


_. the receiver will false lock when initially 


presented. with a data pattern with low ones den- 
sity such as a 1 of 8 or 1 of 16 pattern. A good 
design should immediately lock on to any valid 
input signal, even one with low ones density. 


For loop-timed applications, It may also be im- 
portant to evaluate the receiver’s loss-of-signal, 


LOS, response. Check the receive circuit’s LOS 
criteria: how many consecutive zeros, or how 
much pulse amplitude decay before LOS is 
_ declared? More importantly, test the circuit’s 


recovered clock output. The recovered clock 
should smoothly transition to a reference clock 
when LOS is declared to ensure that no anomalies 
propagate to the system’s backplane timing. 
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Semiconductor Corporation 


62411 Design Issues 


Application Note 


AT&T 62411 Design Considerations - 
Jitter and Synchronization 


By Bob Bridge and Greg Stearman 


INTRODUCTION 


This application note outlines the technical re- 
quirements which must be considered when 
designing a system to meet the AT&T 62411 
synchronization and jitter requirements. The first 
section discusses how the digital network 1s 
synchronized. This section is followed by a dis- 
cussion of the jitter/synchronization requirements 
for trunk cards and system clocks. 


AT&T 62411 is the network interface specifica- 
tion which should be adhered to at the point of 
demarcation between the AT&T network and the 
customer premises location. It applies when con- 
necting CPE (Customer Premises Equipment) to 
an AT&T 1.544 MHz access line or private line. 
Note that 62411 does not usually apply to equip- 
ment sold to telephone companies, equipment 
used internally to a campus environment or 
equipment used to access an alternative long-dis- 
tance carrier (e.g., MCI, US Sprint, etc.). 


AT&T 62411 has gone through numerous 
revisions (1983, 1985 and 1988) with the most 
recent version published in 1990. 


SYNCHRONIZATION OF DIGITAL — 
NETWORKS 


The digital telephone network is synchronous. 
"Synchronous" implies that all T1 systems in the 
network are designed to operate at exactly the 
same average frequency (1.544 MHz +0 ppm). 
Synchronous operation is required so bits of in- 
formation are not dropped as data is transfered 
between the various sinks and sources in the net- 
work. Imagine the problem that would occur in 
the codec of a digital telephone set if the codec 
were required to perform its A/D conversions and 
D/A conversions at different clock rates. 


Synchronization is achieved via the hierarchical 
distribution of a Stratum 1 clock (Figure 1). Each 
carrier has one or more Stratum 1 clocks. The fre- 
quency of this master clock is distributed via 
various transmission media (optical cable, 
microwave radio and satellite) through a hierar- 
chy of switching systems (toll, tandem and 
central-office switches) until it finally reaches the 
CPE. The CPE typically recovers the frequency 
of the incoming T1 line, and uses that frequency 
as the basis for its system clock and for 
retransmitting back toward the network. Typical- 
ly, the network switching systems have Stratum 2 
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and 3 clocks, and the customer system has 
Stratum 3 or 4 clocks. This overall timing plan is 


defined. in ANSI .T1.101-1987, Synchronization 


Interface Standard for Digital Networks. 


The engineering of a network needs to ensure that 

the network will remain locked to a Stratum 1 

frequency even upon the failure of one or more 

trunks that relay the timing information. 

One or more atomic cocks pe! 
Clock carrier. Accuracy: 1*10 


| hanUne Located in toll/Aandem switches. 
Stratum 2 Frequency locked to Stratum 1. 
Upon loss of reference, will drift at 
maximum of 1*10°° per day. 
| T1 trunk se im te) oa 
Located in Central Office or 
customer system. Locked to 
Clock Stratum 2. With no reference 
| Tt trunk can have 255 frame slips/day max. — 


~ Located in customer system. 
Upon loss-of reference, clock 
must have 32 ppm accuracy. 


‘L Clock | 


Figure 1 - Digital Timing Hierarchy 


NORMAL OPERATION 
7 ~ Central office 
Access | 


_ Private 

~ network 
using 
leased ~ 





SWITCH TO SECONDARY 





Figure 2 shows how a Stratum 1 traceable timing 
reference is passed through the T1 trunks of a 
private network. Upon failure of a trunk, a secon- 
dary path is used. Upon selection of an inap- 
propriate secondary reference, an isolated timing 
island (with no master clock source) is created. 


Figure 3 shows .a typical . system configuration 


where more than one trunk is used to input a 
traceable timing source into the system. Upon the 
failure of the primary timing source, a switch is 
made to a backup timing source. In the rare event 
that all timing sources fail, the system depends 
upon the ability of the synchronizer to free-run 
near the desired frequency. 


To prevent chatter, it is important that there be 
hysteresis in the switch between reference sour- 
ces. A switch should not be repeated any sooner 
than 10 seconds after the last switch, and only i 
one of the following conditions exists: : 
1) Phase hit of 1000.ns with phase 

slope < 6.1 x 10> 3 | 
2) Loss of signal (all zeros) for 0.10 seconds 
3) 10° BER for 2 2.5 seconds 
4) Excessive Input Jitter amplitude (Figure 8). 


IMPROPER SWITCH 


Central office 
Access 
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Central office 


Access 










Isolated timing 
island #7 


Stratum 1 tracable timing reference is transfered on trunks shown with bold lines. 


Figure 2 - Multiple Paths to Stratum 1 Clock 
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Figure 3 - Multiple Timing Sources Feeding a System Synchronizer 


Synchronization plans for private networks can 
become, in practice, quite complicated. Figure 4 
shows a multi-state private network with connec- 
tions to multiple inter-exchange carriers, multiple 
local-exchange carriers and an international car- 
rier. Also note that Bell South has trunks to three 
inter-exchange carriers. In this example, the PBX 
in Atlanta can be the timing source for the private 
lines to Long Beach. The Atlanta PBX gets its 


Stratum 1 traceable source from AT&T via Bell 
South. The PBX in Long Beach uses this AT&T 
timing to talk to Europe and to GTE of Califor- 
nia. | 


CPE falls into one of two categories from a 
synchronization point of view. The CPE can 
either relay incoming timing to another 
downstream system, or it can terminate the timing 










Bell South 
Central Office 
and/or DCS 0/1 
(Stratum 2 or 3) 
T1 access to CO 
(POTS, DS-0 
special services) 


PBX or | 
T1 Mux | 


ATLANTA 












T1 Private Lines 
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Satelite 

Link to 

Europe 


| GTE of California 
- Central Office 


and/or DCS 0/1 
(Stratum 2 or 3) 


PBX or 
Ti Mux 


LONG BEACH 





Figure 4 - Example of Private Network 
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chain. When a system terminates timing, failure 
of the system does not affect the timing of any 
downstream systems. This situation is refered to 
as loop timing. | 


A system synchronizer must meet a variety of re- 
quirements, including selecting a timing reference 
source to use, maintaining lock to that reference 
clock, tolerating impairments on the timing 
reference, attenuating jitter, and free-running at a 
specified frequency accuracy when all references 
are lost. 


These requirements differ between systems that 


relay (or transfer) timing (Stratum 4 Type I, 


Stratum 3 or Stratum 2) and loop-timed systems | 


(Stratum 4 Type II) that don’t relay timing. In 
particular, in systems. which relay timing, the 
maximum rate of change of the 
synchronizer frequency must be. limited (see 
definition of Maximum Time Interval Error in 
ANSI T1.101). Controlling the rate of change is 


important because if the synchronizer oscillates. 


(i.e., overshoots then undershoots the target fre- 
quency) while acquiring lock or during degraded 
timing reference conditions, that frequency devia- 


tion can be relayed through all successive 


downstream systems. 


An overview of Stratum requirements are given 
below: | 


Stratum 2: This is the highest performance level 
available to CPE, and is rarely used (except in 
very sophisticated CPE). The clock must have a 
free-running accuracy of 1,544,000 + 0.025 Hz. 
Redundancy is required so the synchronizer must 
be duplicated. The external reference clock must 
be Stratum 1 or 2 since the pull-in range of the 
synchronizer is only + 0.05 Hz. 


Stratum 3: Stratum three clocks must also be 
duplicated, and are required to have free-running 
accuracy of 1,544,000 + 7.1 Hz. This results in a 
frame-slip rate (while free running) of < 255 
frame slips in the first 24 hours. The external 
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reference clock must be a Stratum 3 or better 
clock, since the pull in range is only + 15 Hz. 


Stratum 4 (Type I): This is normally the stratum 
level chosen for multi-T1 line CPE. Free-running 
frequency requirements are 1,544,000 + 50 Hz, 
and the pull-in range is + 100 Hz Additional pull- 
in range is recommended, since older equipment 
in the telephone company buildings are allowed 
to have output frequency variations of T1 + 130 
ppm (+ 200 Hz). Type I does not require redun- 
dant clock hardware. However, just like Stratum 
2 and 3 clocks, the Type I clock must gracefully 
handle rearrangements. "Gracefully" means that 
the rearrangements must not result in abrupt 
phase discontinuities in the output clock. Ex- 
amples of rearrangements are: 


1) a switching of timing reference (for example 
from T1 card "n" to card "n+1"), fs) 
2) automatic protection switch to a redundant © 
_ synchronizer card, or |. | 
3) any change in clock mode — 


Stratum 4 (Type IJ): This is the lowest grade 
clock available, and normally would be used only 
in small systems (such as a single-T1 line sys- 
tem). Type II synchronizers cannot be used if the 
system transfers timing to a downstream system. 


_ The synchronizer clock output is required only 
_ during successful loop-timing. When loop-timing 


fails, the system no longer is required to transmit 


~ toward the network. There is no requirement on 


the synchronizer’s free-running frequency. Nor is 
there any requirement to handle rearrangements. 
During loop-timing the frequency of the clock 
must be 1,544,000 + 50 Hz. The pull-in range is 
1,544,000+100Hz. © 


JITTER IN SYNCHRONOUS NETWORKS 


Although the frequency of the T1 signal is well 
controlled (32 ppm), the signal itself can contain 
significant amount of jitter. Jitter is defined as a 
short-term variations in the position in time of a 
signal (or bit) from its ideal position. In other 
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words, the bit could arrive at a receiver slightly 
sooner or later than expected. Jitter can cause bit 
errors or other impairments to occur. When jitter 
occurs at a 10 Hz or lower rate, it is arbitrarily 
defined as wander. Jitter and wander can be 
simultaneously present. Figure 5 shows high-fre- 
quency jitter superimposed upon low- aed 
wander. 


Due to the characteristics of the phase-lock loop 
technology used in trunk cards and system 
synchronizers, jitter can be more readily filtered 
than can wander (Figure 6). Normally, most 
wander which is input on a timing reference 
source will be relayed to all downstream systems. 


A primary source of wander is frequency in- 
stability in a system synchronizer during a switch 
between timing reference sources. Why does the 
synchronizer need to switch between timing sour- 
ces? One major source of. errors is upstream clock 
rearrangement (typically two per day will reach 
Stratum 4 nodes). While acquiring lock to the 
new source, wander can be created and sent to all 


the downstream timing sources. Stratum 2 clocks 
can take hours/minutes to reacquire lock after a 
switch. Stratum 4 clocks take seconds to reac- 
quire lock. This wander can be amplified by each 
of the downstream synchronizers, causing an 
ever-larger wave-of-wander to spread out through 
the network. 


GAIN 
(dB) 
-60 
| FREQUENCY 
Jitter Jitter 
Tracking Atteunation 


Figure 6 - Jitter Transfer of PLLs 
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Figure 5 - Jitter Superimposed Upon Wander 
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The sources of jitter include data-dependent jitter 


introduced by line repeaters, jitter created by 
asynchronous multiplexors (such as M13 muxes) 
and jitter (phase) hits attributed to transient be- 
havior of clock sources or other sudden changes 
in transmission facilities. Jitter is not a significant 
problem for equipment as long the trunk card and 
system synchronizer meets specificed jitter 
tolerance requirements. 


62411 JITTER REQUIREMENTS 


The motivation behind 62411 jitter specifications 
is to ensure robust operation of CPE and the net- 
work despite the presence of jitter. The CPE is at 
the end of a local loop (whose line repeaters can 
create jitter) and is far removed from the 
network’s Stratum 1 clock. To work robustly, 
CPE must be extremely jitter tolerant, and must 
remove significant amounts of the jitter received 
over the local loop before re-transmitting back 
toward the network. 
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Before one can understand 62411 jitter require- 


- ments, it is necessary to understand some basic 


terminology (Figure 7). 62411 measurements are 
made at the NI (Network Interface) which is the 
demarcation line between CPE and the AT&T 
line. The CSU.(Channel Service Unit) can be 
either a stand-alone unit (purchased from a CSU 
manufacturer), or may be integrated into the Tl 
trunk cards of the system. AT&T views the CSU 
and system as one entity. for 62411 testing. Jitter 
generated or attenuated by either the CSU or the 
system will impact jitter testing at the NI. 


From 62411’s point of view, the system has two 
critical components, the digital line termination 
of the DTE (more commonly referred to as a T1 
trunk card), and a synchronizer (or clock recovery 
circuit) (more commonly referred to as a system 
clock). 62411’s use of the term "clock recovery 
circuit" should not cause the designer to think that 
62411 is referring to a clock recovery circuit in a 
T1 trunk card.. Rather the clock recovery circuit 
refers to the clock which drives the system and 


Network 
Interface 


Figure 7 - Basic Terminology of 62411 
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backplane. Typically the synchronizer outputs a 


system clock at 4.096 or 8.192 MHz and is phase | 


locked to one of the incoming T1 lines. The as- 
sumption behind 62411 is that the synchronizer is 
the source of jitter attenuation. This assumption is 
generally appropriate unless the system has a 
1.544 MHz backplane or only one T1 line. In this 
case the synchronizer may in fact not exist as a 
independent sub-circuit in the system, but rather 
may be imbedded in the T1 trunk card. 


62411 has three types of jitter specifications: 
input jitter tolerance (also known as jitter accom- 
modation), output jitter generation (also known as 
intrinsic jitter or additive jitter), and jitter transfer 
function (also known as jitter attenuation). The 
requirements for each specification are discussed 
below. 


All 62411 jitter tests are made with a a QRTS 
(Quasi-Random Test Signal) modified to ensure 
that no more than 14 consecutive zeros are out- 





put. The Application Note, "Jitter Testing 
Procedures for compliance with AT&T 62411" 
gives a tutorial on test procedures. 


Input Jitter Tolerance: Jitter tolerance is 
specified for both the T1 trunk card and for the 
synchronizer. In fact, the tolerance requirements 
are more stringent for the synchronizer than the 
line card. The more stringent specifications en- 
sure that the synchronizer, which is a critical sys- 
tem element, is extremely robust. The tolerance 
curves are shown in Figure 8. | 


Tolerance is specified for jitter frequencies from 
DC to 100 kHz, and is normally measured at spot 
frequencies. At a given frequency, the jitter 
amplitude is increased until bit errors are ob- 
served. 


The jitter tolerance of the synchronizer is relevant 
for all loop-timed systems. However, testing of 
the synchronizer is indirect since the synchronizer 












138 | | 
PO) lie ean Ne eee eee eee el 
10 mes 
[ %) 7 
Jitter sone e 
| 7 : 
Magnitude | Line Receiver 2 
\ g 
(Unit 1 8 
< 
Intervals) 
0.1 
0.1 1 10 100. 1k 10k 100k 
Jitter Frequency (Hz) 
Figure 8 - 1990 AT&T 62411 Jitter Tolerance Requirement 
AN12REV2 


11-27 








is not directly observable at the NI, and since the 
trunk card is not required to tolerate as much jitter 
amplitude as the synchronizer. Rather, the 
synchronizer is said to fail if loss of synchroniza- 
tion at the NI is observed, or if the system is ob- 
served to permanently switch to a back-up (inter- 
nally-generated) clock. The switch to a back-up 
clock becomes apparent because of a shift to a 
~new frequency (which may differ from the old 
frequency by only afew Hz). 


62411 states that jitter (wander) tolerance at low 
frequencies can be limited by the size of a buffer. 
The required tolerance is one T1 frame (193 bits) 
plus hysteresis (138 bits). This model assumes 
that a frame buffer is being employed. Frame buf- 
fers allow a ‘system to synchronize multiple, in- 
coming, asynchronous T1 lines at the bit, channel 
and frame levels. Each incoming T1 line is fed 
into its own frame buffer (Figure 7). All of the 
frame buffers are emptied into the switching 
matrix with all frame bits aligned. If two incom- 
ing T1 lines have frequency offsets, one frame 
buffer will periodically output a frame twice (to 
compensate for a low input frequency) or will 


drop a frame (never outputing it to compensate _ | . 
If a system contains a Stratum 4 clock, the jitter 


for a high input frequency). This buffer adjust- 
ment is referred to as a controlled frame Slip. 


The 193 + 138 = 331 bit-length requirement ap- 


plies to frame buffers making controlled frame 
slips. The goal is to have frame slips occur only 
as a result of long term frequency offsets, not due 
to jitter (wander). However, only 138 bits are re- 
quired in a jitter (hysteresis) buffer that does not 
perform frame slips. In this case, the FIFO depth 
requirements are defined by the buffer length 
necessary to tolerate the jitter (wander) without 
overflow/underflow. The exact length needed to 
meet the requirements of Figure 8 depends upon 
the jitter transfer function of the PLL (Figure 6). 
The PLL will track jitter at low frequencies, and 
requires a FIFO long enough to contain the maxi- 
mum input jitter amplitude possible in the jitter 
attenuation range. 
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Output Jitter Generation: Output jitter genera- 
tion is a measurement of how much jitter is out- 
put by the system ‘when no jitter is input to the 
system (using a QRTS). The requirements are 
measured using band-pass filters to measure jitter 
at various frequencies, as shown below: 


Filter applied — Maximum output jitter 
None (Broadband) 0.05 UI peak-peak 

10 Hz to 40 kHz 0.025 UI peak-peak | 

8 kHz to 40 kHz 0.025 UI peak-peak 

10 Hz to 8 kHz 0.02 UI peak-peak 
Jitter Transfer Function: Jitter transfer 


describes the ratio of input jitter and output jitter 
at a given jitter frequency using the following 
equation: 


Transfer Jitter(dB) = 
20 log (jitter output/jitter input) 


The jitter input and output are measured in peak- 
to-peak UIs. 


transfer function must meet the requirements of 
Figure 9. Figure 9 is irrelevant for systems with 
Stratum 2 or 3 clocks. Those clocks will attenuate 
jitter to the “output jitter generation" levels 
defined in the preceding section. 


Since the system synchronizer has its basic fre- 
quency locked to the T1 rate of one particular line 
card, the attenuation test is at the NI associated 


with that particular line card. QRTS input jitter is 


applied at spot frequencies in the band 10 Hz to 
40 kHz. The input jitter level is three-quarters of 
the system’s jitter tolerance. Output jitter is 
measured using narrow frequency windows (1 Hz 
in 10-100 Hz range, 4 Hz in 100-1000 Hz range 
and 10 Hz above 1kHz). Jitter must be between 
the two bands, (a) and (b), shown in Figure 9. In 
the vicinity of 10 kHz, the output jitter level, after 
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Figure 9 - 1990 AT&T 62411 Jitter Transfer Requirement 


attenuation, must typically be in the range of 
0.001 to 0.002 UIs (or 0.65 to 1.3 ns). 


The curve (b) indicates an attenuation level which 
must not be exceeded. Too much attenuation can 
be harmful. The negative effects can include in- 
creasing the number of frame slips that occur in 
the central office, and increasing the time needed 
to reacquire lock after a loss of signal condition. 


Jitter peaking is not allowed above 10 Hz. Peak- 
ing is defined as a higher amplitude of output jit- 
ter than input jitter (at any frequency, not just at 
the frequency under test). Peaking is especially 
undesirable at low frequencies which lie within 
the tracking range (and not the attenuation range) 
of downstream PLLs. Analog PLLs can easily 
have peaking at the "knee" of the jitter transfer 
curve (just before attenuation starts). 


In digitally controlled PLLs, another 
phenomenon, jitter aliasing, can often be ob- 
served. With jitter aliasing, jitter which appears at 
one frequency is attenuated and shifted to another 
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frequency. Jitter aliasing is especially un- 
desirable when the frequency is shifted down to 
the tracking range of the downstream PLLs. The 
1990 version of 62411 has added language to ad- 
dress aliasing, requiring that broadband jitter in 
the 10 Hz to 300 Hz range should be attenuated 
by -25 dB (measured using an 10 kHz to 40 kHz 
filter), and by -35 dB (measured using an 8 kHz 
to 40 kHz filter). 


T1 TRUNK CARD DESIGN 
CONSIDERATIONS 


A number of architectural choices face the trunk 
card designer. One is whether to integrate the 
CSU onto the trunk card. The application note, . 

"T1 Long-Haul Physical Layer Interface", is 
recommended to designers of integrated CSU’s. _ 


Another design choice is whether to use a Line 
Interface IC that provides jitter attenuation. For 
Stratum 4 Type IT systems that don’t relay timing 
and utilize a 1.544 MHz backplane clock, the 
answer is simple. By using a CS61574, 
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CS61574A, or CS61575 on the trunk card, the 
Type II clock is provided on the trunk card by the 


line interface RCLK output, and no separate. 
If the | 


synchronizer card needs to be designed. 
Type II system has multiple T1 lines, then the 
line interface IC’s may be connected as shown in 
Figure 10. In this configuration, the master 
1.544 MHz system clock is provided by the top 
CS61574A or CS61575 in the figure. The system 
clock will normally be recovered from the T1 line 
connected to the top line interface until. the line 
interface enters the Loss of Signal state. Upon 
Loss of Signal (175 +75 zeros), the CS61574A 
and CS61575 will substitute ACLKI (if present) 


for the recovered clock at the input of the jitter at- | 


tenuator. The jitter attenuator filters any phase 
hits resulting from the switch before the clock is 
output on RCLK. In this configuration the RCLK 
output of the top line interface will always remain 
locked to one of the T1 recovered clocks. Each 


line interface that experiences Loss of Signal will - 


pass on the recovered clock from the line inter- 
face preceeding it in the chain. When the master 
experiences Loss of Signal, the line interface 
nearest the master that is not in the Loss of Signal 
State will provide the 1.544 MHz system clock. If 
all line interfaces experience Loss of Signal, the 
reference clock is used instead. This configura- 
tion is advantageous for multi-line loop timed ap- 
plications because it provides a jitter-free 
1.544 MHz line recovered timing reference 
(ideally traceable to Stratum 1) even if there is 
only one functioning T1 line reference available. 
This capability helps to maximize the system’s 
ability to successfully maintain loop timing on as 
many T1 lines possible. 


However, for three reasons, the configuration 
shown in Figure 10 is not appropriate for systems 
which transfer timing (i.e., Stratum 4 Type I or 
Stratum 2 or 3). First, the CS61574A and 
CS61575 switch to a secondary reference clock 


upon Loss of Signal and not upon the conditions. 


outlined in 62411 (summarized previously in the 
"Synchronization of Digital Networks" section) 
for systems that transfer timing. Furthermore, the 
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CS61574A and CS61575 may not meet the maxi- 
mum time interval error (MTIE <1s) and phase 
change slope (81 ns in any 1.326 ms) require- 
ments which apply during rearrangements. Sys- 
tems which transfer timing must utilize a system 
synchronizer and the control circuitry requried to 


judiciously switch between reference sources, and 


the synchronizer’s 1.544 MHz PLL is responsible 
for insuring the MTIE and phase slope require- 
ments are met. Finally, the configuration in 
Figure 10 does not necessarily enforce a well 
defined. network synchronization plan. Such a 
plan is essential in a network throughout which 
timing is transferred. A synchronization plan 
defines an appropriate manner in which timing 
rearrangements may be made without creating 


“network timing problems such as. self-locked 


timing islands (refer back to Figure 2). The con- 
figuration in Figure 10 will not necessarily 
prevent the fallback to an inappropriate timing 
reference (eg., a line already loop timed to this 
node). Therefore, when using the configuration 
shown in Figure 10, it is important that there be a 
field-installable definition of how the chain is 
configured. 


Master 1.544 MHz 
System Clock 








CS61574A 


OR T1 


T1 





CS61574A 
OR. 
:CS61575 


T1 


‘Figure 10 - Cross Coupling of Recovered. 
Clocks (Stratum 4 Type ID) 
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The use of a Line Interface IC with jitter attenua- 
tion also provides advantages for Stratum 4 
Type I systems and Stratum 2 or 3 systems. By 
using a CS61574, CS61574A or CS61575 on the 
trunk card, the synchronizer becomes easier to 
design. Since the CS61574 exceeds | jitter 
tolerance requirements and outputs an essentialy 
jitter-free recovered-clock, the synchronizer has 
reduced jitter tolerance requirements, and will see 
phase hits only when the switch is made between 
primary and secondary references. This frees the 
synchronizer designer to concentrate on meeting 
the holdover frequency, MTIE and reference 
switching criteria requirements. 


1.544 MHz external 
reference clocks input 


Line Card #1 
containing CS61574 


Line Card #n 
containing CS61574 . 


1.544 MHz system clock 


output - Divide by 


193 





- Divide by 
512 


4.096 MHz system clock 
output 


Pree errr rrr re errr rer ere ererr reir) 


: CS61574 used as 
: Jitter Attenuator 


SYSTEM CLOCK CARD DESIGN 
CONSIDERATIONS 


As shown in Figure 7, the synchronizer provides 
the master clock for the system. It typically runs 
at a multiple of 8 kHz (the PCM frame rate), and 
generates a backplane clock at the rate of 
2.048 MHz, 4.096 or 8.192 MHz. 


A block diagram of a synchronizer is shown in 
Figure 11. This diagram shows multiple T1 lines 
being available as reference clocks for the 
synchronizer. A MUX is used to select one of the 
lines. The output of the MUX is fed through a 
CS61574 used only as jitter attenuator (ac- 
complished by placing the CS61574 in local loop 
back mode). This jitter attenuation stage shields 
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Filter 


4.096 MHz : 
Voltage Controlled 





Phase 
Comparator 








Oscillator 





Figure 11 - Block Diagram of System Synchronizer 
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the 1.544 MHz Phase Locked Loop (PLL) coin | 


significant phase and frequency discontinuities 
which can result from either the loss of signal on 
the active reference clock input, or the switching 
of the MUX. The 1.544 MHz PLL provides a 
clean 1.544 MHz output clock for transmitting 
back toward the network. The system backplane 
clock is also locked to the 1.544 MHz clock using 
a second PLL. This system backplane clock does 
- not need to meet 62411 jitter transfer specifica- 
tions, since it is not used to clock data back to the 
network (Figure 7). | 


The system synchronizer clock card design is 
greatly simplified in systems which employ 
CS61574’s, CS61574A’s or CS61575’s on the T1 
trunk cards. In such a system, jitter performance 
requirements (jitter transfer, jitter tolerance and 
intrinsic jitter) are met by the line interface IC. 
The 1.544 MHz PLL does not need to be 


designed with the narrow closed loop bandwidth 
required for 62411 (Le., jitter attenuation starting | 


at 6 Hz). Wider closed loop bandwidth simplifies 
the design of the PLL and promotes stability. For 
example, VCO (Voltage Controlled Oscillator) 
phase noise is suppressed in a system which has 
wider closed loop bandwidth. The fact that VCO 
Stability is improved by wider closed loop 
bandwidth (feedback) means that it is often pos- 
sible to use a VCO instead of a more expensive 
VCXO (Voltage Controlled Crystal Oscillator) in 
the 1.544 MHz synchronizer PLL of a Stratum 4 
(Type I) system. VCXO based designs offer ex- 
cellent stability even in low bandwidth applica- 
tions and are recommended for use in Stratum 3 
systems. Although the synchronizer does not 
need to be the primary source of jitter attenuation 
in a system utilizing line interface IC’s with jitter 


attenuation, the synchronizer PLL should not ex- 
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hibit jitter peaking (jitter gain). It 1s easier to 
design a PLL which does not exhibit jitter peak- 
ing when a significant amount of Hen attenuation 
is not ene 


Not only does the use of a CS61575 based trunk 
card design relax the jitter performance con- 
straints imposed on_ the — synchronizer’s 
1.544 MHz PLL, but it also eliminates the hold- 
over (free-running) frequency accuracy require- 
ment. Because the CS61574A and CS61575 will 
gracefully transition from the line recovered 
clock to a reference clock upon Loss of Signal, 
the 1.544 MHz PLL will always have an ap- 
propriate timing reference to stay phase locked to 
and will never need to free-run. The holdover fre- 
quency accuracy of the system will be that of the 
1.544 MHz reference clock supplied to the line 
interface IC’s. 


With the other design constraints greatly relaxed, 
the PLL may be designed specifically to meet the 
dynamic performance required by 62411. To do 
this, the PLL must be designed with adequate 
damping to meet the Maximum Time Interval 
Error (MTIE) and phase change slope require- 
ments discussed earlier. 


There are several types of components from 
which the synchronizer PLL’s may be con- 
structed. Monolithic PLL IC’s like’ the 
T4HC4046A_ offer excellent performance and 
minimal circuit board space requirements. For 
more information on PLL design using the 


~7T4HC4046A, refer to (2) - (4). The free design 


program (3) offered by Signetics is an excellent 
tool for evaluating and optimizing a 74HC4046A 
PLL Design. 
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Recommended References on PLL design are: 


1, Geminer Floyd M: Phaselock Techniques, 
John Wiley & Sons, New York, 1979. ISBN: 
0-471-04294-3) 


2. Volgers, B.: "Phase-Locked Loop Circuits: 
T4HC/HCT4046A & 74HC/HCTR7046A 
HCMOS Designer’s Guide", Signetics/Phil- 
lips Components. (Ordering Code: 98-2908- 
350) 


3. Signetics/Phillips Components: HCMOS Phase- 
Locked-Loop Design Program . (For IBM 


compatible computers) 
4. Austin, W. M.: "CMOS Phase-Locked-Loop 


Applications Using the CD54/74HC/HCT 
7046A", ICAN - 8823, Harris Semiconductor. 
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INTRODUCTION 


This application note describes how the T1 line 
interface IC’s offered by Crystal Semiconductor 
may be used with the receiver gain and equaliza- 
tion network from a repeater IC, and a discrete 


transmitter pulse shaping network, to implement a 


complete physical layer long-haul T1 line inter- 
face. This design is intended to comply with FCC 


Part 68 and AT&T 62411 requirements. General-. 
ly, the CS61574, CS61574A and CS61575 are. 


best suited for this application because receive 


side jitter attenuation is provided. The circuits 


described herein can also be directly applied to 
the CS61534, CS61535, CS61544, CS6158 and 
CS6158A (all but the CS61544 are pin com- 
patible but offer different architectures and 
performance). | 


The combination of a CS61574, CS61574A, or 
CS61575 line interface IC and a repeater IC front- 
end provides increased functionality and 


performance over that available with traditional - 


repeater only designs. The CS61574, CS61574A, 
and CS61575 internally provide jitter attenuation 
of the recovered clock, local and remote loop- 
backs, loss. of signal detection, reference. clock 
fall back, and host processor configuration and 
supervision. These functions must be imple- 
mented in discrete circuitry in a repeater only 
design at additional cost. Furthermore, the 
CS61574, CS61574A, and CS61575 provide 
clock recovery which eliminates the need for the 
repeater’s LC tank. 


Most T1 applications may be classified in one of 
two general categories: short distance or intraof- 
fice DSX-1 applications, and long distance 
applications. Crystal Semiconductor’s CMOS line 
interface products offer complete solutions for all 


types of intraoffice T1 applications. The addition — 
of receiver gain and equaslization, and transmitter — 


output pulse shaping allows these line inter faces 
to be used for applications such as office 
reqeaters and Channel Service Units (CSU’s), 
which are used to connect Customer Premises 
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Equipment (CPE) to a telephone company net- 
work. 


The circuits described in this application note 
may be used in the implementation of a stand- 
alone CSU, or may be used to eliminate a 
stand-alone CSU by integrating the long-houl 
physical layer interface onto each T1 line card in 


- the CPE. An integrated CSU approach is attrac- 


tive because it eliminates duplication of 
transmitting, receiving, framing and monitoring 
fuctions in the CSU and terminal equipment, 
thereby reducing system cost and complexity. 


Long-haul applications are characterized by the 
use of line repeaters to regenerate and retime the 
signal at intermediate points along its transmis- 
sion path. The distance between line repeaters in 
long-haul applications may be several times the 
transmission distances covered in intraoffice ap- 
plications. Because of the longer transmission 
distances, long-haul receivers must provide both 


gain and equalization to the incoming signal to 


compensate for the significant attenuation and 
low-pass characteristic of the transmission line. 
This gain and equalization is referred to as 
Automatic Line Build Out, ALBO. 


On the other hand, intraoffice applications do not 
need receiver equalization or as much receiver 
sensitivity as long-haul applications. Intraoffice 
applications use transmitter pre-equalization to 
compensate for a specific amount of cable at- 
tenuation in order to ensure that a robust pulse 
arrives at the receiver. 


Long-haul line interfaces also require transmitter 
pre-equalization, referred to as Line Build Out, 
LBO. The LBO network provides simulated cable 
attenuation in applications where the transmission 
distance to the first line repeater in the network is 
relatively short. This attenuation prevents the 
repeater’s receiver, which is optimized for receiv- 
ing signals attenuated by maximum calbe length, 


_ from being overdriven by a large amplitude sig- 


nal. | | a , 
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The receivers in Crystal’s T1 line interface ICs all 
offer excellent sensitivity, typically 15 dB below 
the DSX level. This receiver sensitivity far ex- 
ceeds that required for DSX-1 applications, but it 
is still less than that typically required for many 
long-haul applications. For applications which re- 
quire additional sensitivity, an automatic gain and 
equalization, or ALBO, stage can be used as a 
front-end for the line interface receiver to provide 
the increased sensitivity. 


The external ALBO network may be easily real- 
ized by using the ALBO circuit found in a 
conventional repeater IC. Such circuits typically 
contain one or two ALBO diodes which are used 
to form an adaptive attenuation network in front 
of a high gain preamplifier. The preamplifier is 
designed to provide both the gain and equaliza- 
tion required to compensate for the maximum 
amount of cable attenuation anticipated. 


Since a long-haul receiver must also be able to 
recover high amplitude signals transmitted over 
shorter distances additional attenuation is required 
for these signals before they are amplified by the 
preamplifier equalization stage. The ALBO diode 
attenuation network provides the correct amount 
of additional attenuation required to prevent over- 
driving the preamplifier stage by acting as an 
Automatic Gain Control (AGC). 


Because the preamplifier input signal is main- 
tained at a constant amplitude the preamplifier’s 
differential outputs are also a constant amplitude 
representation of the equalized input signal and 
may be directly ac-coupled into the RTIP and 
RRING receiver input pins of the Crystal T1 line 
interface IC. When used in this way, the repeater 
serves only as an analog gain and equalization 
Stage and performs no clock or data recovery. In- 
Stead, these functions are performed by the clock 
and data recovery circuits in the Crystal T1 line 
interface IC, and the tunable LC tank circuit, nor- 
mally used with the repeater, is eliminated. The 
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CS61574A, and CS61575 exceed the most 
demanding 62411 jitter tolerance requirements. 


Eliminating the repeater’s LC tank is of great 
benefit. LC tank clock recovery circuits require 
manual tuning (a production nightmare) and will 
drift out-of-tune in response to aging and/or 
mechanical stress. LC tanks are also prone to 
producing data dependent jitter, a problem shared 
with most clock recovery architectures. 


CPE designs using repeater LC tank clock 
recovery require an external system synchronizer 
which is capable of jitter attenuation for 62411 
compliance. The CS61574, CS61574A and 
CS61575 feature a receiver jitter attenuator which 
meets the requirements defined in AT&T 62411 
(1990 version), so that. the recovered clock of 
these ICs may be used directly as a Stratum 4 


_ Type II jitter-free system timing reference. Com- 


pliance with AT&T 62411 is a neccessary 
requirement for Customer Premises Equipment 
which is connected to T1 lines provided by 
AT&T. 


Two receiver ALBO applications circuits for use 
with the Crystal T1 line interface ICs are 
presented here. Both applications circuits were 
built and tested using the CS61574. The first is 
based upon the PMI LIU-O1 repeater IC and dis- 
crete components. The second is based upon the 
Exar XR-C277 (PMI RPT-82) and the Exar TM- 
044H hybrid. Both circuits were adapted from the 
manufacturer’s recommended applications cir- 
cuits for Tl operation using #22 A.W.G. 
unshielded twisted pair cable. In both circuits, 
many of the external repeater support components 
unnecessary for this application, including the LC 
tank, are removed. Similar networks may be 
designed for CEPT applications or T1 applica- 
tions which use other types of cable. 


11-37 





a Long- eas Env sical payer: Interface 





LIU-01 ALBO- APPLICATIONS CIRCUIT 


The ante network realized using the PMI LIU- 
O1 is shown in Figure 1. This network does 
require raul external components but offers ex- 
cellent receiver sensitivity. The use of surface 


mount components and careful board layout mini- — 


mizes the board space requirements of this 
network. The PMI LIU-01 features dual ALBO 
diodes which give it the dynamic range required 
to recover full amplitude input signals, as well as 
those attenuated by up to 38 dB of cable loss. 





Repeaters utilizing only one ALBO diode (like 


the XR-C277 used in the next applications cir- 
cuit) have less dynamic range and have difficulty 
recovering full amplitude input signals. The 
preamplifier outputs of the LIU-01 are ac-coupled 
to the CS61574 RTIP and RRING receiver input 
pins using a 0.01,F capacitor and a 10kQ resistor 
to ground. 
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Figure 1. CS61574 and ALBO Network Using PMI’s LIU-01 Repeater 
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XR-C277 ALBO APPLICATIONS CIRCUIT 


The network based upon the Exar XR-C277 (or 
PMI RPT-82) and the EXAR TM-044H hybrid 
module is shown below in Figure 2. This network 
uses a diode to generate the two supply voltages 
required by the XR-C277 from a single +5 Volt 
supply. The preamplifier outputs of the XR-C277 
are ac-coupled to the CS61574 RTIP and RRING 
receiver input pins using a 0.01 uF capacitor and 
a 10 kQ resistor to ground. Most of the passive 
components required to realize the ALBO net- 





















work have been consolidated into the hybrid 
module easing board space and layout require- 
ments. This network has good sensitivity and 
recovered signals after as much as 34 dB of cable 
loss. However, it had difficulty recovering full 
amplitude pulses (those attenuated by less than 
about 5 dB) because it employs only one ALBO 
diode. 
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Figure 3 shows the XR-C277 ALBO input and 
output waveforms. The upper trace in the oscillo- 
scope photograph is the ALBO input signal 
measured differentially across the points labeled 
"T1 LINE." The input signal has been attenuated 
by approximately 20 dB of cable loss. The middle 
trace is the ALBO output signal measured with 
respect to ground at the RRING pin of the 
CS61574. The lower trace is the ALBO output 
Signal measured with respect to ground at the 
RTIP pin of the CS61574. 
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Figure 3. ALBO Input and Output Waveforms 


11-39 


GD EER 0 ll 4D 4 ae a 
DE GD GD Of AED 





‘TRANSMITTER INTERFACE 


On the transmit side, a Line Build Out (LBO) 
stage is required between the Crystal line inter- 
face and the transformer to realize the -7.5 dB and 
-15 dB output pulse options required for the net- 
work interface by FCC Part 68. All of the line 
interface ICs already produce the 0 dB output 
pulse specified by Part 68. This LBO network 
provides 0 dB, 7.5 dB, or 15 dB of switch selec- 


table attenuation at 772 kHz in the transmit path. | 


The network is placed in the transmit path be- 
tween the line interface and the transformer so 
that it is protected by the transformer and any ad- 
ditional line protection circuitry in the secondary. 
The required attenuation characteristic 1s 
specified in FCC Part 68 by a transfer function. 


Each of the two identical LBO sections in the net- _ 


work presented in Figure 4 below implements a 
two-pole approximation of this transfer function. 


The LBO is a matched network designed to | 


provide the 25Q equivalent load expected by the 
CS61534, CS61535, CS61574 and CS6158 out- 
put drivers when the 25Q equivalent line load is 
placed across the LBO output. For Option B (-7.5 


dB) output pulses one of two identical attenuation — 


networks is switched into the transmit path. For 
Option C (-15 dB) output pulses both networks 
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are placed in series in the transmit path. Contact 
the factory for the changes required to adapt the 
LBO in Figure 4 for use with the transmitter 
drivers in the CS6152, CS61535A, CS61574A, 
CS61575, CS6158A and CS6159. — 


The network in Figure 4 was tested for FCC Part 


68 compliance in two ways. First, the output pul- 
ses were measured against the pulse templates 
derived from Part 68 using a CS61574. Figure 5 
shows the CS61574’s 0 dB output pulse (selected 
with LEN2/1/0 = 010) overlaid with the Option A 
template. Figures 6 and 7 show the -7.5 dB and 
-15 dB output pulses respectively, overlaid with 
the appropriate output templates. Careful board 
layout is required to meet the Option C template 
as shown in Figure 6. 


Finally, attenuation measurements were made on 
an all ones pattern at 772 kHz using a spectrum 
analyzer. Figure 8 shows the attenuation of the 


~ LBO network’s Option B output (with respect to 


the 0 dB Option A pulse) which was measured to 
be -7.3 dB at 772 kHz. Similarly, the attenuation 
of the LBO network’s Option C output (with 


respect to the 0 dB Option A pulse) was measured 


to be -15.0 dB at 772 kHz. 
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Figure 4. CS61574 LBO Network Used to Generate 0dB, -7.5dB, and -15dB Output Options 
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Figure 7. LBO FCC Part 68 Option C Pulse 
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Figure 8. LBO FCC Part 68 Option B (-7.5dB) Attenuation at 772 kHz 
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Figure 9. LBO FCC Part 68 Option C (-15dB) Attenuation at 772 kHz 
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DEFINITION 
TYPES 


OF PRELIMINARY PART 


Before a part is in full production, Crystal will 
supply preliminary parts. There are two varieties: 


1.Engineering Sample (ES 


Engineering sample "ES" is a product which has 
not been completely characterized or where 
qualification has not reached the first lot 500 
hours read point. ES product will be assembled 
per manufacturing specs at qualified assembly 
sites. All units will be tested to a published data 
sheet and applicable errata sheet (if needed). 
Any ES units which are tested only at room 
temperature will receive a supplemental brand 
"25°". AS soon as automated temperature testing 
is available for this device, all subsequent ES 
units will be 100% temperature tested. 


The following premium - temperature product 


grades will always be 100% tested at tempera- 
ture: 


TELECOMMUNICATIONS -'"M" grade 
DATA ACQUISITION - "A", "B", "C"", "S", 
"T", and ''U" grades 


II. Engineering Prototype (EP) 
Engineering Prototype is an _ engineering 


prototype of a device which works sufficiently 
for beta site purposes. 


DEFINITION OF DATA SHEET TYPES 


Each product developed by Crystal will be 
supported by technical literature where the data 
sheets progress through the following levels of 
refinement: 


I. Product Preview 


This is a 1-to-4 page document which describes 
the main features and specifications for a product 
that is under development. Some specifications 
such as exact pin-outs may not be finalized at 
time of publication. The purpose of this docu- 
ment is to provide customers with advance 
product planning information. 


II. Preliminary Product Information 


This is the first document completely describing 
a new product. It contains an overview, 
specifications, timing diagrams, theory of 
operation, pin-out diagram, applications infor- 
mation, ordering guide and mechanical informa- 
tion. The numbers in this data sheet are based on 
prototype silicon performance and on worst-case 
simulation models. The specifications represent 
the designer’s best estimate for the "real" 
numbers. Min and max values are included 
where possible. The purpose of this document is 
to provide system designers with technical infor- 
mation sufficiently detailed to guarantee that 
they can safely begin active development. 


II. Final Data Sheet 


This is an updated version of the preliminary 
data sheet reflecting actual production 
performance of the final product. Updates 
include tighter specifications, more min and max 
values, and any application information that has 
arisen during the early life of the part. The pur- 
pose of this document is to communicate the 
confirmed performance of products which have 
passed qualification, been fully characterized, 


and are in production. 
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160 hours burn-in @ 125 °C 





RADIATION RESISTANCE PERFORMANCE, 


Crystal products are manufactured using 2 and 3 micron CMOS processes. While not able to withstand 
large doses of radiation, our products are suitable for operation in low to medium dose applications. In- 
deed, the self calibrating architecture of many of the A/D Converters is able to compensate for the effects 
of radiation. — 


Crystal will assist customers to test paris for radiation resistance by supplying free, data-logged parts. In 
exchange, we would like the parts returned to us, so that we can measure their post-radiation perfor- 
mance. In addition, we would like a copy of any report that is generated, along with permission to pub- 
lish the report for other customer’s information. | 


Several customer’s have already undertaken radiation testing of our A/D Converters. Please contact the 
factory for the latest information and copies of the radiation performance reports. 
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I, CONCEPT OF RELIABILITY 


In general terms, the reliability of a semiconduc- 
tor device is defined as the measure of the 
functional stability of the device with respect to 
time. Expressed in a more quantitative sense, it is 
the probability that the device will operate with a 
specified performance over a specified period of 
time under a given set of conditions. 


Reliability characteristics are usually stated in 
reverse terms as the loss of ability to function, or 
failure rate. The reliability performance of a 
device can best be summarized by the reliability 
life or "bathtub" curve (Figure 1). The reliability 
performance is characterized by three phases: in- 
fant mortality, useful life, and wearout. Infant 
mortality failures can be reduced by proper 
manufacturing controls and screening techniques. 
The useful life period is typically a long period of 
time where only occasional random failures 
occur. During this time the failure rate is usually 
very low. The final period is aptly named 
wearout. Using proper design guidelines and 
device applications, this period is shifted well 
beyond the lifetime required by the user. 
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Figure 1. 
An item of great importance in evaluating 
reported reliability characteristics is the definition 
of a failure. Crystal’s definition of a failure is any 
device that fails to meet ANY data sheet 
parameter. Crystal’s digital self-calibration tech- 
niques provide stable performance over 


temperature and life. Traditional Analog IC’s and 
hybrids exhibit wearout mechanisms very early in 
the life of the product. One competitor’s analog- 
to- digital converter’s linearity error stability is 
specified at +/- .00075 % per 1000 hours at 
25°C. Stability degradation at 70 °C is un- 
specified and 1s likely to be accelerated greatly as 
temperature increases. The dashed line of Figure 
1 is typical of the wearout seen in a competitor’s 
Analog IC or hybrid. As you can see, wearout 
begins much earlier than a digital device or a 
mixed analog and digital chip utilizing Crystal’s 
SMART analog design architecture and CMOS 
wafer technology. 


Il. CRYSTAL SEMICONDUCTOR 
RELIABILITY STRESSING 


These stresses are done on every new product, as- 
sembly house or fabrication subcontractor. The 
Crystal acceptance criteria and goals are as 
described in Table 1 of the Quality and Reliability 
information in section 1 of this data book. 


Accelerated Operating Life Stress 


Accelerated operating life stressing is performed 
to accelerate thermally-activated failure 
mechanisms through the application of extreme 
temperature and dynamic biasing conditions. The 
typical temperature and voltage conditions used 
in the stress are 125 °C with a bias level at the 
maximum data sheet specifications. Some devices 
may be stressed at an even higher voltage level to 
further stress the oxides of the device. All devices 
used in life stress are sampled directly from the 
production flow with no special processing or 
pre-screening. Stressing is performed per MIL 
STD 883, method 1015, condition D (dynamic 
signals). These dynamic conditions simulate as 
much as possible actual operating conditions in 
an application. 
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Both infant mortality operating life stress (168 hrs 
at 125 °C) and long term operating life (typically 
1000 hrs at 125 °C) are reported . Infant mortality 
life simulates approximately 6-8 months in the 
field at 70 °C and is reported as %/168 hrs. Long 
term life simulates the total failure seen in the 
field and is expressed in FITS (failures in time ). 
1 FIT = 1 failure per billion device-hours. Derat- 
ing of long term operating life is done 
using Arrhenius thermal equations along with 
Weibull statistics. A 60 % upper confidence limit 
(UCL) and .7 electron volts (eV) activation ener- 
gy are used in this calculation. 


85 °C/85% R.H. 


85 °C/ 85% R.H. is an environmental stress per- 
formed at a temperature of 85 °C and at a relative 
humidity of 85%. The test is designed to measure 
the moisture resistance of plastic encapsulated 
devices. A nominal-voltage static bias is applied, 
with minimum power consumption, to the device, 
to accelerate the electrolytic corrosion of the 
metallization. Failures are expressed in % /time 
with 168, 500, and 1000 hour cumulative results 
reported. | 


Autoclave 


Autoclave is also an environmental stress which 
measures the moisture resistance of plastic encap- 
sulated devices. Conditions for this test are 
121 °C, 100% relative humidity, and 1 atmos- 
phere of pressure (15 psig), with no bias applied 
to the circuit. Corrosion of the die is the expected 
failure mechanism. Stressing is usually performed 
for 144 hours. Failures are expressed in %/time 
with 48, 96, and 144 hour results reported. 


Temperature Cycling 


Temperature cycling typically accelerates the ef- 
fects of the thermal expansion mismatch among 
the different components within a specific pack- 
age and circuit. The stress is performed per MIL 
STD 883, method 1010, Condition C (-65 °C 


to +150 °C). Stressing is done in an air environ- 


ment. A cycle consists of ten minutes at -65 °C, 


five minutes transfer time, and ten minutes at 
+150 °C. Stressing is typically performed for 
1000 cycles. Failures are expressed in %/cycles, 
with 100, 500, and 1000 cycle results reported. 


Thermal Shock 


The objective of thermal shock is basically the 
same as that of temperature cycling - to exercise 
the difference in thermal expansion coefficients 
within the integrated circuit package and die. 
Thermal shock provides additional stress as the 
device is exposed to a rapid change in tempera- 
ture, due to a maximum transfer time of ten 
seconds, as well as the increased thermal conduc- 
tivity of a liquid environment. This test is 
performed per MIL STD 883, method 1011, Con- 
dition B (-55 °C to +125 °C). In one cycle of 
thermal shock, devices are placed in a flourocar- 
bon bath cooled to -55 °C for five minutes, then 
transferred to an adjacent bath filled with 
flourocarbon at 125 °C for five minutes. Stressing 
is performed for 500 cycles. Failures are ex- 
pressed in %/cycles, with results reported at 100, 
200, and 500 cycles. | | 


High Temperature Storage Life 


Storage life is an environmental stress where 
temperature is the only stress. Stressing is per- 
formed per MIL STD 883, method 1008, 
Condition C. (150 °C). Stressing 1s performed to 
1000 hours. Failures are expressed in %/hours, 
with results reported at 168, 500, and 1000 hours. 


Electrostatic Discharge 


Electrostatic discharge testing is performed to 
determine the handling sensitivity of a semicon- 
ductor device. This test 1s performed per MIL 
STD 883 method 3015, which simulates the resis- 
tance (1500Q) and capacitance (100 pF) of the 
human body. Also the machine model test is per- 
formed with a OQ resistance and a capacitance of 
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200 pF to simulate, as its name implies, a typical 
insertion tool, handler, etc. that comes in contact 
with the leads of a semiconductor device. 


Latchup 


Latchup testing is performed to ascertain whether 
a device can sustain SCR latchup due to a DC 
current input. The pin being tested has a DC cur- 
rent forced to it with the device power supplies at 
nominal voltage and inputs at ground state. Sus- 
ceptibility of each input is tested with both a 
positive and negative DC current forced into it. 
This test is performed per the standard test proce- 
dure recognized by JEDEC. 


C dv/dt Latchup Testing 


This test is performed to evaluate the suscep- 
tibility of a CMOS device’s power pin to 
instantaneous ESD discharge into a power 
supply pin or a rapid ramp of a power pin during 
power up. Positive and negative pulses are sup- 
plied to the power supply pins with a change in 
voltage of greater than 500 V/us and a0 to 5 V 
risetime of less than 15 ns. Ground, Vss, and the 
pin under test are connected to ground. The sup- 
ply current is monitored for excessive current. 


Hil. FAILURE RATE CALCULATIONS 


Failures during typical reliability stressing 
generally are in the infant mortality and random 
failure sections of the "bathtub" curve. Thermally 
accelerated failure rates can be derated to actual 


operating conditions by commonly accepted 


mathematical models. 


Operating life stress is usually reported in the 
derated form. That is, operating life is performed 
at 125 °C and results are reported for an 
equivalent time at a typical operating stress 
temperature for an application, generally 25 °C, 
55 °C, or 70 °C. Failure rates for other tempera- 
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tures are calculated using a computed accelera- 
tion factor. 


There are many probability models used in 
reliability analysis for calculating failure rates. 
The simplest form of calculating a failure rate 
(F.R.) would be to divide the number of failures 
observed after test (N) by the number of device- 
hours of stress. 


FR. = N : | 
DeH ac (1) 


where D is the number of devices stressed and H 
is the number of stress hours. If this number is 
multiplied by 10° we obtain the failure rate ex- 
pressed as Failure In Time (FIT). FITS are 
expressed as failures per billion device operating 
hours. — | | 


FITS = (ER.)(10”) | (2) 


However, using equation (1) allows only for a 
failure rate calculation at the stress temperature. 
In order to apply the equation to the desired use 
temperature we use the well-known Arrhenius 
relationship to determine the thermal acceleration 
factor, Fa. One hour of device operation at. 
temperature T1 is equivalent to Fa hours of opera- 
tion at temperature T2. The activation energy, EA, 
is an important parameter in the Arrhenius equa- 
tion and is discussed below. The Arrhenius 
equation 1s: 


EAGL 4 ) | 
Pim se MO) 


where k = Boltzman’s Constant (8.63 x 10° 
eV/°K) and T1 is the accelerated stress junction 
temperature and T2 is the desired use operating — 
junction temperature in degrees Kelvin. 


Junction temperatures, Ti and T2, should be used — 
in determining acceleration factors. This temper- 
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ture can be obtained from the equation below. 


Tj = Ta-+ @jaPa | 4) 


where Ta is the operating ambient temperature 
and @ja is the package thermal dissipation (°C/ W) 
and Pg is the device power dissipation. | 


Crystal utilizes a low power CMOS process 
which typically raises the junction temperature 
about 7 to 15 °C, whereas analog bipolar IC’s and 
hybrids can have power dissipations in the 1 W 
range. These differences in device junction 
operating temperatures can greatly affect the ac- 
celeration factors. For example, let’s calculate the 
acceleration factors of a device with a power dis- 
sipation of 1 watt packaged in a 40 pin ceramic 
package. This is equivalent to a junction tempera- 
ture change from 160 °C to 60 °C and from Table 
2 the acceleration factor is 277. A typical Crystal 
device junction temperature is 10 °C higher than 
the ambient which results in a junction tempera- 
ture change from 135 °C to 35 °C. This results in 


125 --> 70°C 
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| 


TABLE2 esti: 7 
ACCELERATION FACTORS FOR DIFFERENT 
TEMPERATURES (E. A. = .7 eV) 
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an acceleration factor of 636, as shown in Table 
2. By comparing the results in Table 2 one can 
see how derating to a lower use temperature or 
failing to consider junction temperature when cal- 
culating acceleration factors can result in greatly 
differing failure rates. 


Table 3 compares acceleration factors for dif- 
ferent activation energies. Using a 1.0 eV 
activation energy versus a .7 eV activation energy 
results in a factor of four increase in the accelera- 
tion factor. Crystal uses an activation energy of .7 
eV, a conservative value, compared to the .8 eV 
to 1.0 eV used by other analog IC vendors. 


We now take the failure rate equation (1) at ac- 
celerated temperatures expressed in FITS and. 
factor in the acceleration factors from the Ar- 
rhenius relationships considering junction 
temperatures and arrive at the equation below. — 


9 
10°N , , 
= 6) 
FITS DHF, 7 | 
Using composite Crystal data through the Ist 
quarter of 1988, a failure rate at 25°C can be cal- 
culated by substituting in equation (5) above: 


N = 23 

DeH = 5,371,036 

Fa = 702 (Assuming .7 eV and stress temperature 
of 125°C, using junction temperature derating) 


DeH is the summation of the devices stressed at 
each readpoint multipled by that number of stress 
hours. , | 


Substituting we get: 


(10°)(23) 


EUS 2 = 5 371, 636102). 


6.1 


The Weibull distribution is often used for product 
life predictions because it can describe increasing 


and decreasing failure rates. Also the Weibull dis- 
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tribution has both a shape parameter, B, and a 
scaling parameter, &. This is very useful in ac- 
curately describing the shape and scaling of the 
"bathtub" curve. These more accurate descrip- 
tions of the failure rate of the Weibull distribution 
make this method superior to the uniform failure 
distribution described in Equation (1). The 
Weibull probability distribution function (PDF) 
f(t) is the probability of failure between time t and 
t+ dt. 


) 
f(ty = 2 OVE LM (6) 


10 


The Weibull PDF can also be expressed as a func- 
tion of the Reliability function, R(t), and the 
instantaneous failure rate function, h(t), therefore: 


f(t) = h(t)R(t) (7) 


The Reliability function is found by integrating 
the Weibull PDF from t to oe. This function is the 
probability that a device will survive to time t. 


Bs B 
_(t 
R(t) = Hf(eyav =e  ) (8) 


The instantaneous failure rate function is the 
probability that a device will fail between time t 
and t+dt: 


h(t) = - 


1dR_ B B-1) 
Rdt a : (9) 


The Reliability function is used to calculate the 
shape parameter, B, and the time scale parameter, 
a. The shape parameter is the key function in 
shaping the infant mortality portion of the "bath- 
tub" curve. A B of 1 indicates a uniform failure 
rate, B > 1 indicates wearout and B < 1 indicates a 
declining failure rate. To use Weibull statistics, 
failures that occur during operating life stresses 
are used to produce values of R(t). Failure times 
and R(t) values can be combined to estimate @ 


REL3 


and B. We first take the natural logarithm of both 
sides of equation (8). 


Tis (We 
R(t) oO 
We again take the natural logarithm and obtain: 


if at = B In(t) - In) (10) 


R(t) 

This last equation is now in the form of a linear 
function. Using linear regression techniques or 
Weibull plotting paper we obtain the Weibull 
shape and scale parameter. Most semiconductor 
manufacturers perform a burn-in screening on 
devices to insure that the end customer receives a 
population of devices that have minimal infant 
mortality and are from the useful life period of 
the reliability “bathtub” curve. It is very impor- 
tant to include this data for the entire lifetime of 
the device to obtain an accurate curve fit for ob- 
taining o and B. | 


Once the parameters a and B for the Weibull dis- 
tribution are known we utilize R(t) to calculate 
FITS. Crystal uses a 20 year lifetime in its FIT 
calculations and typically uses a 48 hour burn-in 
at 125 °C hence: | 


t20 = 20 yrs = 175,200 hours 
ti = 48 hours 


The number of devices that will fail in the twenty 
year lifetime following burn-in is given by: 


N = D [R(t1) - R(t + t20)] (11) 


where D is the total number of devices stressed. 
The number of device-hours accumulated in 20 
years can be estimated by counting the devices 
surviving after 20 years. es 


DH 2D ° R(t1+t20) * t20 (12) 
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Using equation (2) for expressed failures in FITS 
we obtain the equation below for a Weibull dis- 
tribution 


D [ R(t1) - R(t1 + t20)] 
Qa’ LANL) © ANE TBS 
FITS < 105, R(t1 + 120) * (t20) 


R(t1+ t20) * (t20) 
(13) 


The above equation applies only at the stress 
temperature. In order to apply the equation to the 
desired use temperature we factor in the accelera- 
tion factors, Fa, from the Arrhenius relationship 
as it relates to time in the reliability function. 
Therefore in equation (12) above we replace 
R(t + t20) by R(t1 + t20/Fa). Note that the device 
lifetime t20 is still 20 years but the reliability 
function must have the acceleration factor con- 
sidered for derating to use temperature. Using 
composite Crystal data through the first quarter of 
1988, and using from equation (10), B = .19 and 
o = 521 and Fa = 702 yields a failure rate at 
25 °C of 9.7 FITS. — | | a 


This failure rate is a more accurate measure of 
Crystal reliability than that provided by the con- 
stant failure rate model of equation (5). 


Reliability evaluations involve only samples of an 
entire population of devices. Therefore a con- 
fidence level, (CL), should be placed on the 
average failure rate. At any time a sample is 
stressed from a population there exists a finite 
chance of failures. If many separate samples were 
stressed from the same population and failure 
rates plotted, a normal distribution of failure rates 
would occur. Therefore, valid statistical methods 
for a normal distribution should be used to deter- 
mine the desired CL. Confidence levels for 
reliability analysis are expressed in upper con- 
fidence levels (UCL), typically at 60% or 90% 
depending on the criticality of the device’s ap- 
plication. The total sample size stressed is critical 
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in defining the UCL. Therefore rather large 
sample sizes must be stressed to more accurately 
demonstrate the true failure rate. A larger spread 
will exist between the 50% and 90% UCL dis- 
tribution for smaller sample sizes due to the 
greater probability that the sample stressed was 
not representative of the entire population. 


Environmental stresses, such as autoclave, 
temperature cycling, thermal shock, storage life 
and 85 °C/85%R.H., usually have their actual 
results reported, due to the lack of widely recog- 
nized derating models. These are usually 
expressed as %failure / stress time. An example 
of this would be a temperature cycling failure rate 
expressed as %/ 1000 cycles. These failure rates 
should have a confidence level associated with 
the data given. For environmental stresses, Crys- 
tal publishes data with a 90% confidence level. 
To calculate this failure rate with confidence 
levels, the following binomial probability statis- 
tics calculations are made: | : 


100 - Pay}? 
hee | (14) 


where Pc is the failure rate with confidence level, 
Pa is the observed failure rate in percentage 
defective, n is the number of samples stressed, 
and Z is the value of the standard normal prob- 
ability distribution associated with the desired 
confidence level. (Z = 1.28 for 90% UCL.) This 
calculation agrees with the widely accepted lot 
tolerance percent defective, LTPD, plans that are 
based on 90 % upper confidence. 


Of course it is not satisfactory to have accurate 
methods on reporting failure rates without having 
programs and methods in place to continuously 
improve the reliability of the product. Crystal 
uses methodologies in every level of the company 
to provide the highest possible quality and 
reliability standards of its products. | 


REL3 





Using the reliability calculation methods of 
Maxim, an analog IC quality leader, Crystal 
achieves a failure in time (FIT) rate of 6.1 parts 
per billion operating hours. This compares 
favorably with Maxim’s own performance of 6.8 
FITs. Crystal’s reliability is also established for 
devices requiring far greater analog accuracy than 
its competitors’ products. 


In summary Crystal Semiconductor uses conser- 
vative models that are accepted throughout the 
semiconductor industry to determine the 


reliability of its devices and has active programs 
in place to continuously improve the quality and 
reliability of its devices. 


For further information on a summary of 
Crystal’s methods of insuring high quality and 
reliability standards see the Quality and 
Reliability information in section 1 of this data 
book, or contact Crystal’s Reliability and Quality 
Assurance Department at the factory. 
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3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 
> 18 19] | bi nai | Max MIN | MAX 
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RELATION TO SEATING PLANE AND EACH OTHER. 
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98 pin | MIN | MAX | MIN | MAX | 
Plastic DIP | A | 13.72 | 14.22 | 0.540 | 0.560 
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0.085 
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| H | 3.94 | 5.08 | 0.155 | 0.200 | 
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3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 
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NOTES: PLANE 
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN 
0.25MM (0.010") AT MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND EACH OTHER. 
2. DIMENSION L TO CENTER OF LEADS WHEN FORMED PARALLEL. 
3. DIMENSION A DOES NOT INCLUDE MOLD FLASH. 
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GENERAL INFORMATION 





DATA ACQUISITION: DATA ACQUISITION PRODUCTS 


Analog-to-Digital Converters 
Digital-to-Analog Converters 
Track and Hold Amplifiers 
Filters 

Voltage References | 

AES/EBU Transmitter/Receivers 


TELECOM: T1/PCM-30 


Analog Line Interfaces 
T1 Framers 
Quartz Crystals 





T3/E3/SONET ANALOG RECEIVERS 
JITTER ATTENUATORS 
DTMF RECEIVERS 


DATACOM: ETHERNET/CHEAPERNET IC’s 


FIBER OPTIC TRANSCEIVERS 


Up to 256 kHz Rate/RS232/ISDN 
Up to 2.048 MHz Rate/T1/PCM-30 





LED’s 
SUPPORT IC’s: POWER MONITOR 
MISCELLANEOUS: EVALUATION BOARDS 
APPLICATION NOTES 
APPENDICES 





Reliability Calculation Methods 
Package Mechanical Drawings 
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SALES REPRESENTATIVES 





WESTERN AREA 
Crystal Semiconductor Corp. 
1737 No. Ist Street, Suite 300 
San Jose, CA 95112 

Ph: 408-436-5770 

FAX: 408-436-5735 


Crystal Semiconductor Corp. 
27281 Las Ramblas, Suite 200 
Mission Viejo, CA 92691 

Ph: 714/348-8770 

FAX: 714/348-9556 


ALABAMA 

The Novus Group 

2905 Westcorp Blvd., Suite 120 
Huntsville, AL 35805 

Ph: 205-534-0044 

FAX: 205-534-0186 


ALASKA 

Electronic Engineering Sales 

17020 S.W. Upper Boones Ferry Rd., 
Suite 301 

Portland, OR 97224 

Ph: 503-639-3978 

FAX: 503-684-3326 


ARIZONA 
Call Crystal Western Area Office 
Ph: 408-436-5770 


ARKANSAS 

TL Marketing, Inc. 

12200 Stemmons Frwy, Suite 317 
Dallas, TX 75234 

Ph: 214-484-6800 

FAX: 214-241-9315 


SRL7.0 (4/15/91) 


UNITED STATES 


CENTRAL AREA 
Crystal Semiconductor Corp. 
4210 So. Industrial Dr. 
Austin, TX 78744 

Ph: 512-445-7222 

FAX: 512-445-7581 


CALIFORNIA 

Earle Associates, Inc. 

7585 Ronson Road, Suite 200 
San Diego, CA 92111 
Ph: 619-278-5441 

FAX: 619-278-5443 
Easylink: 62835672 


Bager Electronics 

17220 Newhope St., Suite 209 
Fountain Valley, CA 92708 
Ph: 714-957-3367 

FAX: 714-546-2654 


Bager Electronics 

6324 Variel Avenue, Suite 314 
Woodland Hills, CA 91367 — 
Ph: 818-712-0011 

FAX: 818-712-0160 


NORCOMP, Inc. 

3350 Scott Blvd., #24 
Santa Clara, CA 95054 
Ph: 408-727-7707 
FAX: 408-986-1947 


NORCOMP, Inc. | 
2140 Professional Dr. #200 
Roseville, CA 95661 

Ph: 916-782-8070 

FAX: 916-782-8073 


EASTERN AREA 

Crystal Semiconductor Corp. 
8601 Six Forks Rd., Suite 703 
Raleigh, NC 27615 

Ph: 919-846-4832 

FAX: 919-846-4839 


Crystal Semiconductor Corp. 
790 Turnpike St. #202 

North Andover MA 01845 
Ph: 508-794-1194 

FAX 508-685-7107 


COLORADO 

Candal, Inc. 

2901 S. Colorado Blvd., Suite A 
Denver, CO 80222 

Ph: 303-692-8484 

FAX: 303-692-8416 


CONNECTICUT 
Alpha-Omega Sales Corp. 
325 Main St., Suite 301 
North Reading, MA 01864 
Ph: 508-664-1118 

FAX: 508-664-3212 


DELAWARE 
Vantage Sales Company 
1930 E. Marlton Pike 
Cherry Hill, NJ 08003 
Ph: 609-424-6777 

FAX: 609-424-8909 


DISTRICT OF COLUMBIA 
New Era Sales, Inc. 

678 Ritchie Highway 

Severna Park, MD 21146 

Ph: 301-544-4100 

FAX: 301-544-6092 
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SALES REPRESENTATIVES 





FLORIDA 

CM Marketing, Inc. 

1435-D Gulf to Bay Boulevard 
Clearwater, FL 34615 | 

Ph: 813-443-6390 

FAX: 813-443-6312 


- CM Marketing, Inc. 

2020 West McNab Rd. 
Suite 126 

Ft. . Lauderdale, FL 33309 
Ph: 305-973-9375 

FAX: 305-973-9386. : 


CM Marketing, Inc. 

445 Douglas Ave. 

Suite 1455-E 

Altamonte Springs, FL 32714 
Ph:407-682-7709 

FAX: 407-682-7995 


GEORGIA 

The Novus Group 
6115-A Oakbrook Parkway 
Norcross, GA 30093 

Ph: 404-263-0320 

FAX: 404-263-8946 


HAWAIT 
Call Crystal Head Office 
Ph: 512-445-7222 


IDAHO 

Anderson Associates ee 
270 South Main Street, Suite 108 
Bountiful, UT 84010 

Ph: 801-292-8991 

FAX: 801-298-1503 


Electronic Engineering Sales 

17020 S.W. Upper Boones Ferry Rd, 
Suite 301 ee 
Portland, OR 97224 

Ph: 503-639-3978 — . 

FAX: 503-684-3326 ~ 
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ILLINOIS (NORTH). . 
Micro Sales Inc. 
901 W. Hawthorne 


Ttasca, IL 60143 


Ph: 708-285-1000 
FAX: 708-285-1008 


ILLINOIS (SOUTH) | 
Stan Clothier Co. 

3910 Old Hwy. 94 S. 

Suite 116 

St. Charles, MO 63303 

Ph: 314-928-8078 

FAX: 314-447-5214 


INDIANA | 

JMK Electronics 
7838 Laurel Ave. | 
Cincinnati, OH 45243 
Ph: 513-271-3860 
FAX: 513-271-6321 


IOWA 

Stan Clothier Co. 

1930 St. Andrews N.E. | 
Cedar Rapids, Iowa 52402 
Ph: 319-393-1576 

FAX: 319-393-7317 


KANSAS 

Stan Clothier Co.. 
805 S. Clairborne 
Olathe, KS 66062 
Ph: 913-829-0073 
FAX: 913-829-0429 


KENTUCKY 

JMK Electronics 

7838 Laurel Ave. 
Cincinnati, OH 45243 — 
Ph: 513-271-3860 
FAX: 513-271-6321 


LOUISIANA — 

TL Marketing, Inc. 

14343 Torrey Chase Blvd, Suite 1 
Houston, Texas 77014 

Ph: 713-589-8100 

FAX: 713-580-7517 


MAINE 
Alpha-Omega Sales Corp. 


~ 325 Main St, Suite 301 


North Reading, MA 01864 
Ph: 508-664-1118 
FAX: 508-664-3212 


MARYLAND 

New Era Sales, Inc. 

678 Ritchie Highway 
Severna Park, MD 21146 
Ph: 301-544-4100 

FAX: 301-544-6092 


MASSACHUSETTS 
Alpha-Omega Sales Corp. 
325 Main St, Suite 301 
North Reading, MA 01864 
Ph: 508-664-1118 

FAX: 508-664-3212 


MICHIGAN 
J.M.J. & Associates, Inc. 
678 Front St., Suite 150 
Grand Rapids MI 49504 
Ph: 616-774-9480 
FAX: 616-454-2680 


MINNESOTA 

The Twist Company si 

12800 Industrial Park Blvd., Suite 150 
Plymouth, MN 55441 

Ph: 612-550-0922 

FAX: 612-550-0925 


MISSISSIPPI 

The Novus Group 

2905 Westcorp Blvd, Suite 120 
Huntsville, AL 35805 

Ph: 205-534-0044 

FAX: 205-534-0186 


MISSOURI 

Stan Clothier Co. 

3910 Old Hwy. 94 S. 
Suite 116 

St. Charles, MO 63303 
Ph: 314-928-8078 
FAX: 314-447-5214 
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SALES REPRESENTATIVES 





MONTANA 

Electronic Engineering Sales 
8405 165th Avenue NE 
Redmond, WA 98052 

Ph: 206-883-3374 

Fax: 206-882-1347 


Candal, Inc. 

2901 S. Colorado Blvd., Suite A 
Denver, CO 80222 

Ph: 303-692-8484 

FAX: 303-692-8416 


NEBRASKA 
Stan Clothier Co. 
805 S. Clairborne 
Olathe, KS 66062 
Ph: 913-829-0073 
FAX: 913-829-0429 


NEVADA 
NORCOMP, Inc. 

3350 Scott Blvd., #24 
Santa Clara, CA 95054 
Ph: 408-727-7707 
FAX: 408-986-1947 


NEW HAMPSHIRE 
Alpha-Omega Sales Corp. 
325 Main St, Suite 301 
North Reading, MA 01864 
Ph: 508-664-1118 

FAX: 508-664-3212 


NEW JERSEY (NORTH) 
HLM Associates 

333 Littleton Rd. 

Parsippany, NJ 07054 

Ph: 201-263-1535 

FAX: 201-263-0914 


NEW JERSEY (SOUTH) 
Vantage Sales Company 
1930 E. Marlton Pike 
Cherry Hill, NJ 08003 
Ph: 609-424-6777 
FAX: 609-424-8909 
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NEW MEXICO 
Call Crystal Head Office 
Ph: 512-445-7222 


NEW YORK 

HLM Associates 

64 Mariners Lane 
Northport, NY 11768 
Ph: 516-757-1606 
FAX: 516-757-1636 


Bob Dean, Inc. 

2415 North Triphammer Road 
P.O. Box E 

Ithaca, NY 14851 

Ph: 607-257-1111 

FAX: 607-257-3678 


Bob Dean, Inc. 

Suite 1D, Hollowbrook Park 
15 Myers Corner Road 
Wappingers Falls, NY 12590 
Ph: 914-297-6406 

FAX: 914-297-5676 


NORTH CAROLINA 
The Novus Group 

102L Commonwealth Ct. 
Cary, NC 27511 

Ph: 919-460-7771 

FAX: 919-460-5703 


OHIO (South) 
JMK Electronics 

7838 Laurel Ave. 
Cincinnati, OH 45243 
Ph: 513-271-3860 
FAX: 513-271-6321 


JMK Electronics 

2912 Springboro West, Suite 106 
Dayton, OH 45439 

Ph: 513-299-5388 

FAX: 513-271-6321 


OHIO (North) 

JMK Electronics 

7050 Engle Rd., Suite 100 
Middleburg Heights, OH 44130 
Ph: 216-234-1202 

FAX: 216-234-1912 


OKLAHOMA 

TL Marketing, Inc. 

12200 Stemmons Frwy, Suite 317 
Dallas, Texas 75234 

Ph: 214-484-6800 

FAX: 214-241-9315 


OREGON 

Electronic Engineering Sales 

17020 S.W. Upper Boones Ferry Rd., 
Suite 301 
Portland, OR 97224 | 

Ph: 503-639-3978 

FAX: 503-684-3326 


PENNSYLVANIA 

JMK Electronics 

7050 Engle Rd., Suite 100 
Middleburg Heights, OH 44130 
Ph: 216-234-1202 

FAX: 216-234-1910 


Vantage Sales Company 
1930 E. Marlton Pike 
Cherry Hill, NJ 08003 
Ph: 609-424-6777 
FAX: 609-424-8909 
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RHODE ISLAND 
Alpha-Omega Sales Corp. 
325 Main St, Suite 301 
North Reading, MA 01864 
Ph: 508-664-1118 

FAX: 508-664-3212 


SOUTH CAROLINA 
The Novus Group 
102L Commonwealth Ct. 
Cary, NC 27511 

Ph: 919-460-7771 

FAX: 919-460-5703 


SOUTH DAKOTA 

The Twist Co. 

12800 Industrial Park Blvd., Suite 150 
Plymouth, MN 55441 

Ph: 612-550-0922 

FAX: 612-550-0925 


TENNESSEE (WEST) 
The Novus Group | 
2905 Westcorp Blvd., Suite 120 
Huntsville, AL 35805 

Ph: 205-534-0044 

FAX: 205-534-0186 


TENNESSEE (EAST) 
The Novus Group 

6115-A Oakbrook Parkway 
Norcross, GA 30093 

Ph: 404-263-0320 

FAX: 404-263-8946 
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TEXAS 

TL Marketing, Inc. | | 
12015 Park 35 Circle, Suite 224 
Austin, Texas 78753 | 
Ph: $12-837-7272 

FAX: 512-837-6886 


TL Marketing, Inc. | 
14343 Torrey Chase Blvd., Suite 
Houston, Texas 77014 . 

Ph: 713-587-8100 

FAX: 713-580-7517 


TL Marketing 

12200 Stemmons Frwy, Suite 317 
Dallas, Texas 75234 

Ph: 214-484-6800 

FAX: 214-241-9315 


UTAH 

Anderson Associates 

270 South Main Street, Suite 108 
Bountiful, UT 84010 | 

Ph: 801-292-8991. 

FAX: 801-298-1503 


VERMONT 
Alpha-Omega Sales Corp. 
325 Main St, Suite 301 
North Reading, MA 01864 
Ph: 508-664-1118 

FAX: 508-664-3212 


VIRGINIA 

New Era Sales, Inc. 

801 West Main Street 
Charlottesville, VA 22901 
Ph: 804-979-2470 

FAX: 804-979-2958 


WASHINGTON 
Electronic Engineering Sales 
8405 165th Avenue NE 
Redmond, WA 98052 

Ph: 206-883- 3374 

FAX: 206-882-1347 


WEST VIRGINIA 


~ JMK Electronics ~ 


7838 Laurel Ave. — 
Cincinnati, Ohio 45243 
Ph: 513-271-3860 
Fax: 513-271-6321 


WISCONSIN (S.E.) 


Micro Sales, Inc. — . 

16800 W. Greenfield Ave., Suite 116 
Brookfield, WI 53005 

Ph: 414-786-1403 

FAX: 414-786-1813 


WISCONSIN (N.W.) 
The Twist Co. 

12800 Industrial Park Blvd. 
Suite 150 

Plymouth, MN 55441 

Ph: 612-550-0922 

FAX: 612-550-0925 


WYOMING 

Candal, Inc. 

2901 S. Colorado Blvd. 
Suite A 

Denver, CO 80222° 
Ph: 303-692-8484 
FAX: 303-692-8416 
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ALABAMA 

Reptron Electronics 

4950 Corporate Drive, Suite 105C 
Huntsville, AL 35805 

Ph: 205-722-9500 

FAX: 205-722-9565 


ARIZONA 

Insight Electronics 

Tempe, AZ 

1525 W. University Drive, Suite 103 
Tempe, AZ 85281 

Ph: 602-829-1800 

Ph: 602-792-1800 (Tucson) 

Ph: 505-823-1800 (New Mexico) 
FAX: 602-967-2658 


CALIFORNIA 

(Los Angeles) 

Insight Electronics 

28038 Dorothy Drive Suite 2 
Agoura, CA 91301 | 

Ph: 818-707-2100 (San Fernando 
Valley) 

Ph: 805-484-9599 (Ventura Co.) 
Ph: 213-466-1196 (LosAngeles) 
Ph: 818-358-0389 (San Gabriel) 
FAX: 818-707-0321 


(Orange County) 

Insight Electronics 

75635 Alton Parkway, Suite 120 
Irvine, CA 92718 

Ph: 714-556-6890 

Ph: 714-727-2111 (Irvine) 

FAX: 714-727-1804 


Insight Electronics 
6885 Flanders Drive 
San Diego, CA 92121 
Ph: 619-587-0471 
FAX: 619-587-1380 


Merit Electronics 

2070 Ringwood Avenue 
San Jose, CA 95131 

Ph: 408-434-0800 
FAX: 408-434-0935 


SRL7.0 (4/15/91) 


U. S. DISTRIBUTORS 


FLORIDA 

Reptron Electronics . 

3320 N.W. 53rd. St., Suite 206 
Fort Lauderdale, FL 33309 
Ph: 305-735-1112 

FAX: 305-735-1121 


Reptron Electronics 
14401 McCormick Dr. 
Tampa, FL 33626 

Ph: 813- 855-4656 
FAX: 813-855-7660 


GEORGIA 

Reptron Electronics 

3040 Business Park, Suite H 
Norcross, GA 30071 

Ph: 404-446-1300 

FAX: 404-446-2991 


ILLINOIS 

(Chicago) 

Reptron Electronics 

1000 E. State Parkway, Suite K 
Schaumburg, IL 60195 

Ph: 708-882-1700 

FAX: 312-882-8904 


MARYLAND 

Nu-Horizons Electronics 

8975 Guilford Road, Suite 120 
Columbia, MD 21046 

Ph: 301-995-6330 

FAX: 301-995-6332 


MASSACHUSETTS 
North Star Electronics 
100 Research Dr. 
Wilmington, MA 01887 
Ph: 508-657-5155 

FAX: 508-657-6559 


MICHIGAN 
(Detroit) 

Reptron Electronics 
34403 Glendale 
Livonia, MI 48150 
Ph: 313-525-2700 
FAX: 313-525-3209 


MINNESOTA 
(Minneapolis) 

Reptron Electronics 
5929 Baker Road 
Minnetonka, MN 55345 
Ph: 612-938-0000 
FAX: 612-938-3995 


NEW JERSEY 
Nu-Horizons Electronics 
39 U.S. Route 46 

Pine Brook, NJ 07058 
Ph: 201-882-8300 

FAX: 201-882-8398 


Nu- Horizons 
2002C Greentree 
Executive Campus 
Marlton, NJ 08058 
Ph: 609-596-1833 | 
FAX: 609-596-0612 


NEW YORK 
Nu-Horizons Electronics 
6000 New Horizons Blvd. 
North Amityville, NY 11701 
PH: 516-226-6000 

FAX: 516-226-6140 


Nu-Horizons Electronics 
100 Bluff Drive 
Rochester, NY 14445 
Ph: 716-248-5980 

FAX: 716-248-9132 
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SALES REPRESENTATIVES 





NORTH CAROLINA 
Reptron Electronics 
5954-A Six Forks Rd. 
Raleigh, NC 27609 

Ph: 919-870-5189 

FAX: 919-870-5210 


OHIO 

(Cleveland) 

Reptron Electronics 
30640 Bainbridge Rd. 
Solon, OH 44139 

Ph: 216-349-1415 
FAX: 216-349-1634 


(Columbus) 
Reptron Electronics 


404 E. Wilson Bridge Rd, Suite A 


Worthington, OH 43085 
Ph: 614-436-6675 
FAX: 614-436-4285 


BRITISH COLUMBIA 
MIRIKA Electronics 

84 Woodland Dr. 

Delta, BC 

Canada, V4L 2C1 

Ph: 604-943-5020 _ 
FAX: 604-943-8184 - 
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U.S. Distributors (Cont.) 


OREGON 

Insight Electronics « - | 
10260 S.W. Numbus, Suite M10 — 
Tigard, OR 97223 

Ph: 503-620-8080 

FAX: 503-620-1174 


PENNSYLVANIA 

Nu-Horizons Electronics i 
2002C Greentree Executive Campus 
Marlton, NJ 08053 

Ph: 215-557-6450 

FAX: 609-596-0612 


CANADA | 


ONTARIO 

Canadian Marketing Technologies 
7560 Airport Rd., Unit # 15 
Mississauga, Ontario 

Canada, L4T 4H4 

Ph: 416-612-0900 

FAX: 416-612-0905 


Canadian Marketing Technologies 
135 Michael Cowpland Dr., Suite 20 
Kanata, Ontario 

Canada, K2M 2E9 

Ph: 613-591-9555 

FAX: 613-591-9553 


TEXAS 

(Dallas) 

Insight Electronics 

1778 N. Plano Road, Suite 320 
Richardson, TX 75081 | 

Ph: 214-783-0800 (Richardson) 
Ph: 817-338-0800 (Ft. Worth) 
FAX: 214-680-2402 


Insight Electronics 
15437 McKaskle 
Sugarland, TX 77478 
Ph: 713-448-0800 


Insight Electronics 

12703A Research Blvd., Suite I 
Austin, Tx 78759 

Ph: 512-335-3707 

FAX: 512-331-5811 


WASHINGTON 
Insight Electronics 
12002 115th Ave. N.E. 
Kirkland, WA 98034 
Ph: 206-820-8100 


FAX: 206-821-2976 


QUEBEC 3 
Canadian Marketing Technologies 
6600 TransCanada Hwy., Suite 300 
Pointe Claire, Quebec 

Canada ,H9R 4S2 _ 

Ph: 514-694-6088 

FAX: 514-694-1686 


SRL7.0 (4/15/91) 


SALES REPRESENTATIVES 





AUSTRIA 

Hitronik 

St. Veitgasse 51 

A-1130 Wien 

Austria 

Ph: +43(0222)824199 
FAX: +43(0222)8285572 
TLX: 847-134404 


BELGIUM 

Alcom Electronics 
Platanenlaan 68 

2610 Wilrijk 

Belgium 

Ph: +32(0382)83880 
FAX: +32(0383)05186 


DENMARK 
Scansupply A/S 
Nannasgade 18-20 
DK-2200 Copenhagen-N, 
Denmark 

Ph: +45(31)835090 
FAX: +45(31)832540 
TLX: 19037 


Scansupply A/S 
Marselisborg 
Haunevej 36 

8000 Arhus C 
Denmark 

Ph: +45 86 127788 
FAX+45 86 127718 
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EUROPE 


Crystal Semiconductor (UK) Lid. 


Lyons House 

2 Station Road 

Frimley 

Surrey GU165HF 

Ph: +44(0276)685761 
FAX: +44(0276)69 1090 


FINLAND 

Oy Ferrado AB 
Valimotie 1A 

P.O. Box 54 
SF-00381 Helsinki 
Finland 

Ph: +358(0)550002 
FAX: +358(0)551117 
TLX: 122214 


FRANCE 

Newtek S. A. 

8, Rue De L’Esterel 
Silic 583 

94663 Rungis Cedex 
France 

Ph: +33(01468)72200 
FAX: +33(014687)8049 
TLX: 842-263046 


HOLLAND 

Alcom Electronics BV 
Essebaan 1 

2908 LJ Capelle A/D JSSEL 
Holland 

Ph: +31(010)4519533 

FAX: +31(010)4586482 


ISRAEL 

Telsys 

Atidim Industrial Park Bldg. 3 
Dvora Hanevia St., Neve Sharet, 
Tel-Aviv 61431, Israel 

Ph: +972(03)492001 

TLX: 32392 and 371279 

FAX: +972(03)497407 


ITALY 

Kontron Electronics S.r.1. 
Via G. Fantoli 16/15 
20138 Milano 

Italy 

Ph: +39(02)50722284 
FAX: +39(02)50722129 


NORWAY 

OTE Komponent 

P. O. Box 200 
Leirdal 

1011 Oslo 10 
Norway 

Ph: +47(02)306600 
FAX: +47(02)321360 


SPAIN 

Comelta S A 

Emilio Munoz 14 
Nave 1-1-2 

Madrid 28037 

Spain 

Ph: +34 13270614 
FAX: +34 13270540 


Comelta, SA 

Pedro IV, 84-5A Planta 
Barcelona 08005 

Spain 

Ph: +34 33007712 
FAX: +34 33005156 
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SALES REPRESENTATIVES 





PORTUGAL 
Comelta LDA © 

Rua Delcabo Verde 
Lote 113, LOJA 

Prior Velho 

2685 SACAVEM 
Portugal | 

Ph: +351(01)942 4106 
FAX: +351(01)942 4155 


SWEDEN 

Ab Gosta Backstrom 
Alstromergatan 22 
P.O. Box 12009 
10221 Stockholm 
Sweden 

Ph: +46(08541)080 
FAX: +46(08531)251 
TLX: 10135 
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EUROPE (Cont.) 


SWITZERLAND 
Memotec AG 
Gaswerkstrasse 32 

P. O. Box 

4901 Langenthal 
Switzerland 

Ph: +41(063)281-122 
FAX: +41(063)223-506 
TLX: 845-982550 


UNITED KINGDOM 
Sequoia Technology Lid. . 
Unit 5 | 
Bennet Place 

Bennet Road 

Reading 

Berks RG2 0QX 

United Kingdom 

Ph: +44(0734)311822 
FAX: +44(0734)312676 


W. GERMANY 


Atlantik Elektronik GmbH 
Fraunhofer Strasse, 11A 
8033 Martinsried 

Munich, W. Germany 

Ph: +49(089)8570000 
FAX: +49(089)8573702 
TLX: 841-521-5111 
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SALES REPRESENTATIVES 





AUSTRALIA 

ACD Itronics 

Unit 1, 106 Belmore Rd. Nth. 

P. O. Box 402 

Riverwood, N. S. W. 2210, Australia 
Ph: +61(02)534-6200 

TLX: AA121398 

FAX: +61(02)534-491 


ACD Itronics (Pegasus) 

Unit 2, 17-19 Melrich Road 
Bayswater, Victoria, 3153, Australia 
Ph: +61(03)762-7644 

FAX: +61(03)762-5446 


HONG KONG 

CET Ltd. 

22/F Chuang’s Finance Centre 
81-85 Lockhart Road 

Hong Kong 

Ph: (852)520-0922 

FAX: (852)865-0639 
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FAR EAST 


JAPAN 

Asahi Kasei Microsystems Co., Ltd. 
Yoyogi Community Bldg. 3F 

11-2, Yoyogi 1-Chome, 
Shibuya-ku, Tokyo , Japan 

Ph: +81(03)320-2062 

FAX:+ 81(03)320-2072/73 

TLX: 222-2792 - AKMC J 


KOREA 

Hanaro Corp. 

Hana Bldg, 122-30 Chungdam-Dong 
Gangnam-Ku, Seoul, Korea 135-100 
Youngdong P. O. Box 1588 Seoul, 
Korea 135-615 

Ph: +82(02)558-1144 

FAX: +82(02)558-0157 

TLX: K26376 HANARO 


MALAYSIA 

DCP (M) SDN BHD 
6th Floor, Wisma Denko 
41, Aboo Sitee Lane 
10400 Penang, Malaysia 
Ph: +604-363376 

FAX: +604-376466 


TAIWAN 

Morrihan International Corp. 
8F-5 No. 57 Fu-Hsing N. Rd., 
Taipei, Taiwan, R. O. C. 

Ph: +886(02)752-2200 

FAX: +886(02)741-4690 
TLX: 20422 MORRIHAN 
Taichung Branch 

Ph: +886(04)224-6666 


SINGAPORE 

Dynamar Computer Products, Pte Ltd. 
109 Defu Lane 10 

Singapore 1953 

Ph: +65-281-3388 

FAX: +65-281-3437 


THAILAND 

Dynamar Computer Systems 
Unit 7-B T.R.S. Building 

21/7 Vipawadee Rangsit Road 
Lardyao, Bangkhen 

Bangkok 10900 

Thailand 

Ph: +662-278-3690 

FAX: +662-271-3815 
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CRYSTAL SEMICONDUCTOR CORPORATION 
P.O. Box 17847 

4210 S. Industrial Dr. 

Austin, Texas 78744 


1990 TDB4.1 


Tel: (512) 445-7222 
(800) 888-5016 
Fax: (512) 445-7581 


